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The Engineman and the Engineer 


HE automobile driver who has 

to stop to figure out just what 
to do in every circumstance is a 
dangerous man upon the road. 


If he had to make a conscious cal- 
culation of the relative speed of his 
car and a car that he wanted to pass, 
and the distance and speed of an 
approaching car, and his possible 
rate of acceleration, and what he 
must do to bring this about, he would 
be under arrest all the time for ob- 
structing traffic. 


If the golfer or the billiard player 
paused in his stroke to analyze all 
the elements of a successful shot and 
consciously tried to apply them, he 
would be a dub. 


If a child had to comprehend all 
the complex problems of momentum 
and inertia, of balance and equi- 
librium attendant upon the process 
of walking before he could take a 
step, we should be going upon all 
fours. 


The things that one does habitu- 
ally and well he does subconsciously, 
instinctively, without conscious men- 
tal effort. 


Such subconscious action comes 
from habit, practice, the repetitive 
performance of certain acts. It is 
the supreme qualification for the 
operator, for the man upon whose 
controlling action the safe and con- 
tinuous action of an aggregation of 
mechanism depends. 


Thousands are doing thousands 
of things of! the principles and me- 
chanics of which they have not the 
slightest conception. Dry goods 
clerks who do not know the carbur- 
etor from the oil pump drive auto- 
mobiles cleverly; not one baseball 
pitcher in hundreds knows anything 
of the theory of ballistics, and few 
even among accomplished musicians 
could pass a satisfactory examination 
on the science of musical sounds. 


But when we begin to deal with 
the non-repetitive processes, when 
we begin to call the conscious mental 
process into action and to apply 
fundamental principles and natural 
laws to new combinations and opera- 
tions, when we begin to work with 
the head as well as with the hands, 
we begin to differentiate between the 
engineer and the engineman. 


And the man who, to an intimate 
acquaintance with power-plant ap- 
paratus born of long manipulation 
and association, has added such 
knowledge of its laws and limitations 
as will enable him to select the best 
for a given purpose, to operate it at 
its greatest efficiency, to foresee and 
prevent trouble, but quickly to diag- 
nose it when it occurs, and reduce 
rational possibili- 
ties to practice, isa eA 
real engineer, how- 
ever he may have ‘F]-_/ayJ 
come by his knowl- 
edge. 
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PLANT 
at Wembley” gy 


by John B.C. Kershaw * 


gineering exhibits at the British Empire Exhibi- 

tion, is probably the largest concrete building in 
the world, for it is 1,000 ft. long by 750 ft. broad at its 
widest points, with a floor space of over half a million 
square feet. An idea of the simplicity and dignity of 
the design may be gained from the view used here as 
a headpiece; it carries no useless ornamentation and, 
like its contents, possesses only the beauty of sheer 
efficiency and adaptation to its main purpose. The 
interior of the building is divided into blocks or bays 
by 15 main avenues and 38 cross avenues. Five full- 
gage railway lines traverse the interior of the building 
from end to end and are connected outside with the 
main trunk lines of the British Railway System. With 
the aid of these switch tracks and the overhead travel- 
ing cranes lifting up to 25 tons in weight, which run 
the whole length of the main avenues, the exhibits have 
been got into place with the greatest ease and with re- 
markable speed. 

The heavier exhibits have been accommodated as far 
as possible in the larger bays, each 75 ft. wide, which 
occupy the center and south side of the building, and 
here we find those illustrating shipbuilding, marine, 
mechanical and general engineering, while the exhibits 
of electrical and allied branches of engineering fill the 
section to the north, and the railway, motor and water 
transport exhibits are housed in the bays on the east 
side of the building. A modern power house, which 
supplies the whole Exhibition with electricity for light- 
ing and heating purposes, is housed in the northeast 
corner; and as it is in continuous operation, it forms 
not the least attractive feature of the show to many of 
the visitors. 


Te Palace of Engineering, which houses the en- 


*British correspondent. 


One’s first impression on entering the building is the 
impossibility of gaining knowledge of all its contents, 
for over 600 firms are exhibiting their manufactures 
within its walls. Some of them, such as the Metropoli- 
tan Vickers Electrical Co. and William Beardmore & 
Co., seem to cover every branch of engineering activity, 
for since the war they have launched out in many new 
directions and have absorbed or obtained an interest in 
many subsidiary firms engaged in allied branches of 
manufacturing industry. The exhibits vary in size 
from full-size modern locomotives, Pullman cars and 
16-in. guns, to valves for wireless sets and optical in- 
struments. 

The coal-handling machinery in the exhibition power 
plant was designed by the Mitchell Conveyor & Trans- 
porter Co., of London, which also has an exhibit of its 
ash- and coal-handling equipment. Fig. 2 shows the 
Mitchell side-discharging car tippler. 

The ash-handling plant in the power house was de- 
signed by Babcock & Urlex, and is based upon the 
removal of the wet ashes from a water tank by a 
revolving paddle which discharges them onto a traveling 
plate conveyor. 

The four boilers in the power plant, while not the 
largest of their types, represent leading features of 
modern English design. Two of them are B. & W. 
horizontal water tubes, of a design well known in the 
United States. The other two were built by John 
Thompson & Co., of Wolverhampton, and possess dis-: 
tinctive features. As shown in Fig. 1, each boiler has 
two sets of upper and two lower drums, each set being 
connected by straight tubes. The line to the super- 
heater leads out from a cross-connection of the top 
drums. 


These boilers are operated at 220 tb. gage with a. 
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steam temperature of 600 deg. F., normal output 20,000 
Ib. per hour, and are fitted with John Thompson in- 


_ duced-draft chain-grate stokers, 13 ft. 9 in. long by 


5 ft. wide. The superheaters are of the expanded-tube 
type, each having 956 sq.ft. of surface. 

Among the exhibits, Yarrow & Co. show a model of 
a Yarrow stationary boiler, Fig. 3. This model stands 
14 ft. high and is fitted with superheaters and an air 
preheater. Considerable historical interest is aroused 
by the exhibit of the original Yarrow boiler built 
in 1887. 

The Nesdrum boiler, shown by Richardson, Wesgarth 
& Co., Hartlepool, while quite different from the typical 
British boiler, is quite similar to the Bigelow-Hornsby 
boiler in this country. The back rows of tubes act as 
an economizer. The boiler is constructed for pressures 
up to 350 lb. and with a capacity of 32,000 lb. per hour. 

E. Green & Co., Wakefield, exhibit a new type of 
economizer built for modern high pressure. The “Ring- 
stay” economizer is shown in Fig. 4 and is character- 
ized by the staying of every third or fourth joint in each 
section, together with a reduction in diameter of the 
interval cap. A circular rather than a rectangular top 
header is used. The ringstay joint consists of a split 
cast-iron ring that rests on a shoulder on the tube and 
is bolted to the header. 

The same firm also exhibits a new form of rec- 
tangular air preheater, designed to meet the demand 
that now exists for an air heater of light construction 
and long life. The Green air heater consists of a num- 
ber of elements grouped together. Each element com- 
prises four rectangular tubes cast in one piece with a 
flange at each end. The flange faces of the elements 
are machine ground, and the intermediate pairs of 
flanges are held together by bolts. The boundary 
flanges on the air inlet and outlet sides are bolted to 
suitable airtight sectional framework, with a converg- 
ing mouthpiece opposite each tube, in order to prevent 
undue eddying of the air. Each element weighs ap- 
proximately 80 lb. and is therefore much heavier than 
a heater of the same surface constructed of thin sheet- 


iron plates. A heater of sufficient capacity. to-supply -_ 
the requisite quantity of air at a high temperature to 


the grate of a water-tube boiler need not take up more 
than three or four feet headroom, casing included, as 
the whole of the top of the boiler, being otherwise 
waste space, can be covered with these elements. 

The Howden-Ljungstrom air preheater, invented by 
the Swedish engineers, Aktiebolaget Ljungstroms Ang- 
turbin, Stockholm, is shown by James Howden & Co., 
of Glasgow. The construction of this preheater is 
familiar to American engineers, being described in 
Power, Aug. 8, 1922. 

The same firm, James Howden & Co., exhibits its 
system of hot forced draft which it claims has been 
applied to upward of 24,000,000 hp. at sea and is now 
being adopted for land installations. While certain 
improvements in detail have been made, the original 
features remain as designed by the inventor, the late 
James Howden. 

The Sirocco system of mechanical boiler draft is 
illustrated in the exhibits of Messrs. Davidson & Co., 
of Belfast, and also by an installation of these fans in 
the boiler house of the Exhibition. 

The builders have also devoted attention to the de- 
sign and manufacture of fans for removing flue dust 
from the waste gases of boiler plants. It is important 
to note that this collection and removal of fine dust and 
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ash from these gases will become of increasing impor- 
tance as the use of pulverized fuel becomes more general 
and widespread. Fig. 5 shows the type of collector 
designed for this work. 

The Weir multijet-nozzle heater shown by G. J. Weir, 
is a new apparatus for heating feed water by means 
of the exhaust steam, without the noise and vibration 
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Fig. 1—Thompson four-drum vertical boiler 


which usually accompany the direct contact of the 
steam with the water to be heated. The designers of 
this nozzle have been able to produce an apparatus that 
is silent in operation up to 180 deg. F., and even when 
employing steam at 200 deg. F. the pulsations are of 
a subdued character. 

Feed-water deaérators are exhibited by two firms, 
Allen Sons & Co., Bedford, and Richardson, Westgarth 
& Co., of Hartlepool. 

Water can be completely deaérated by creating vio- 
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lent ebullition and foaming, and in the Allen ‘“Con- 
traflo” deaérator this final effect is obtained by flashing 
the water, whereby it is shattered into minute particles, 
which allow for the complete liberation of the contained 
gases. This flashing can be accomplished either by 
heating the water under vacuum and flashing it on a 
surface of high temperature, or by first heating it in a 
separate vessel and then introducing it into a chamber 
under vacuum. The former arrangement, which is 
illustrated in Fig. 6, permits the apparatus to be con- 
structed in the form of a self-contained unit. The 
lower part of the deaérator contains a bank of steam- 
heated tubes, over which the water falls. Preliminary 
deaération takes place in the upper part of the deaérator, 
where the incoming water is heated to the boiling point 
by the vapor rising from the hot tubular surface below. 
This hot surface acts like a low-pressure flash boiler, 
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Fig. 2—Mitchell car dumper 


and when the falling water comes in contact with it, it 
is repeatedly flashed as it falls from one tube to an- 
other on its way to the outlet, and the contained air is 
completely liberated. The air rises and is with- 
drawn at the top by a small steam-operated ejector, 
which maintains a vacuum in the deaérator correspond- 
ing to the temperature of the heated water. The float 
contained in the base of the deaérator controls the inlet 
of the water, in accordance with the requirements of 
the boiler-feed pump. 

The deaérator built by Richardson, Westgarth & Co., 
is known under the trade name of the “Eliminair” 
deaérator. It is automatic in operation and will reduce 
the oxygen contents of the feed to an amount that is 
practically immeasurable, by ordinary chemical methods. 

Several exhibits deal with feed-water purification 
from scale-forming constituents as the latter method 
is known in the United Kingdom. The Kennicott water 
softener is installed in the power house of the Exhibi- 
tion by John Thompson & Co., who hold the licence for 
its use in Great Britain. The Lassen Hjort water soft- 
ener is shown by the United Water Softeners, Ltd., who 
also exhibit the Zeolitic methods. Crosfield & Sons, of 
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Wartington, soap makers, have developed a new method 
of preparing the base which increases the porosity of the 
artificial zeolite and therefore reduces the time required 
for the chemical reaction between the base of the soft- 
ening agent and the impurities of the water. This new 
artificial zeolite is a double silicate of sodium and 


Fig. 3—Yarrow water-tube boiler 


aluminum, obtained by a patented process in the form 
of a gel, and this is now being placed on the market 
under the trade name of “Doucil.” The claims made 
for this zeolite are that owing to its greater porosity, a 
much greater proportion of its active substance shares 
in the reaction and that therefore the quantity of water 
that can be softened per unit of the material used is 
largely increased; or what amounts to the same thing, 
the time required for softening is considerably reduced. 

With regard to special types of furnace and grate for 


Fig. 4—Ringstay economizer 


steam boilers, the Exhibition has not much that is note- 
worthy to offer to its visitors. The Turbine Furnace 
Co., of London, shows it latest design of turbine fur- 
nace which, it is claimed, greatly increases the effi- 
ciency of the Lancashire or tubular type of boiler. 
As the name implies, the furnace is designed on the 
lines of an impulse turbine, the air trough under the 
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firebars representing the nozzle and the firebars them- 
selves the blades of the turbine. The air troughs 
below the firebars are constructed with a diminishing 


Fig. 5—Sirocco dust collector 


section, thus securing an even flow of air for com- 
bustion. 

James Hodgkinson, Ltd., of Manchester, have an 
exhibit showing the latest form of their coking-type of 


Fig. ¢—Allen “Contraflow” deaérator 


mechanical stoker. Its chief feature is the inclosed 
driving gear. This insures efficient lubrication and 
freedom from dust. With the use of chilled castings 
for the frebar jaws and for the cams of the driving 
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mechanism, the cost of upkeep, which is sometimes a 
heavy item with mechanical stokers, is reduced to a 
minimum. 

Pulverized fuel equipment is represented by the 
Atritor pulverizer marketed by Alfred Herbert & Co., 
Coventry. Fig. 7 shows an internal view of the ap- 
paratus. It will be seen that the body of the machine is 
a casing which protects all the working parts. The 
casing contains a horizontal shaft which runs upon in- 
closed ball bearings, having upon it a steel disk carrying 
beaters or pegs upon either face. These beaters are 
arranged to co-operate with similar beaters carried by 
detachable disk-shaped cheeks on the main frame of 
the machine. The coal enters at the center and passes 
outward to the circumference through the beaters, then 
around the edge of the disk and inward toward the 
center across the second face of the disk and through 
the second set of beaters. The first set of beaters is 


Fig. 7—Novel coal pulverizer 


termed the “first effect” and the second set the “second 
effect.” 

Refractory bricks and linings for furnaces are exhib- 
ited by the Castlecary Fireclay Co., of Glasgow and 
Airdrie, Scotland. The thermal stability tests of the 
Castlecary firebrick, correspond to 36 Seger Cone = 
1,790 deg. C., or 3,254 deg. F. 

A very complete exhibit of coal and water weighing 
apparatus is shown by the Lea Recorder Co., Manches- 
ter. The aparatus includes a feed-water measuring 
device of the indicating, recording and integrating 
type, a tilemeter which indicates the rate of flow over 
a weir at any instant, a coal sampler and two designs 
of coal meters. 

The Lassen water meter, Fig. 8, is of the automatic 
tipper design. A double-chambered bucket oscillates 
on a shaft within the water tank. The water flows 
into a compartment, and when this is full the disturb- 
ance of equilibrium causes the tipper to overbalance 
and the water is discharged into the tank; at the same 
time the second compartment is brought under the con- 
trol valve and is filled in turn. An automatic gear is 
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employed by which the tipper is locked until the 
required height is reached in the compartment. 

Among the boiler safety devices is a Hilo water 
alarm manufactured by R. Trist & Co., shown in Fig. 
9. Two open buckets are connected to a spindle, and 
at the normal working water level the lower one alone 
is submerged and its upward thrust holds the whistle 
closed. At high level both buckets are submerged and 
as the lower bucket is heavier than the top one, it 
moves the valve rod opening the whistle. At low levels 
both buckets are out of water and the lower bucket 
moves the spindle down, opening the whistle. 

Still another safety device shown by the same firm 
is an oil cutoff for oil-field boilers which, when the 
koiler-water level becomes dangerously low, closes the 
cil line to the burner. 

George Kent, London, exhibits a line of venturi 


meters. The meter illustrated in Fig. 10 integrates 
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Fig. 8—Lassen water meter 


the flow continuously by the planimeter method and 
so avoids errors due to violent flow fluctuations. The 
counter mechanism is geared to the spindle of a wheel 
periphery and rests against a vertical disk rotated 
at a constant speed by clockwork. The square root 
progression is converted into equal-spaced movement 
by the combination of a volume-adjusting chamber and 
a link motion which transmits the vertical float motion 
to a spindle. 

A most unusual boiler damper is among the exhibits 
of James Gordon & Co. This, illustrated in Fig. 11, 
is constructed over the Venetian blind principle. It 
consists of a cast-iron frame set in the flues and fitted 
with a number of cast-iron shutters. The position of 
these shutters is controlled by a vertical control rod 
which is shifted by the regulating device. The regu- 
lator is essentially an iron case containing a diaphragm, 
on one side of which water is acting under pressure 
from the steam main; on the other side pressure is 
exerted by a column of mercury of a height correspond- 
ing to the desired pressure. This firm also shows a 
draft gage which affords direct reading of the draft 
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by means of a point moving over a large dial scale. 
The instrument shown includes a draft pressure gag : 
for use when forced draft is employed. In this way 
the drafts in the air duct and above the fire are obtained 
simultaneously. 
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Fig. 10—Kent venturi flow 
meter 


A most unusual device is exhibited by Filtretors, 
Ltd., London. The apparatus is a finned chamber in 
which is placed linseed and common soda. The upper 
part of the chamber is connected to the steam space of 
the boiler, while the lower line 
enters the boiler below the 
water line. Steam entering 
the device condenses and ex- 
tracts the glue or mucilage in 
the linseed. The glue passes 
continuously to the _ boiler, 
where it mixes with the boiler 


‘-Mercury column 


water. When the solids in the (Regulator 
water are precipitated, the 
particles are acted upon by the 
9 


Fig. 11—New design of draft damper 


glue and prevented from adhering to each other or to 

the surface of the boiler. Apparently, the method is 

successful, for in one case a marine boiler was in serv- 

ice for over a year, using sea water without trouble. 
(Continued next week) 
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High Pressures and High Temperatures 
in Central Stations 


By W. S. MONROE 


President, Sargent & Lundy, Chicago, Illinois 


HEN it comes to operating turbines on steam 
W pressures above 350 lb., difficulties arise that 
are not so apparent at lower pressures. As 
steam expands through a turbine, the temperature 
rapidly falls, owing to expansion and the conversion of 
heat into work, and a point is reached in the turbine 
where the steam loses all its superheat, and particles of 
moisture begin to appear in the steam. This moisture 
or condensation increases as the steam passes through 
the lower stages, and the admixture of water with gas- 
eous steam increases the surface friction, and with 
high velocities erodes the leading edges of the blades, 
all of which contribute to reduce the blade efficiency of 
the lower stages. This is one of the main reasons that 
it is desirable to increase the temperature with increase 
in pressure. 
Assuming a turbine working on 300 lb. gage and 650 
deg. F., the steam will lose its superheat when expanded 
down to about 25 lb. 


efficiency of the former cycle is 34.4 per cent and of the 
latter is 39.8 per cent, which indicates an improvement. 
in fuel efficiency of 15.7 per cent. These figures refer, 
of course, to the theoretical cycle and to the turbine 


efficiency only, without any allowance for the boiler 
room. 


It should be added that the efficiency of the 550-lb. 


cycle without reheat is 38.7 per cent, which shows a 
theoretical heat saving of only 2.8 per cent due to the 
reheating, but the actual gain will be more than that, 
because of the reduction in moisture in the steam 
through the lower stages of the turbine and the con- 
sequent improvement in the efficiency of the turbine 
blading. Just how much this will amount to will not 


.be definitely known until we have more actual data on 


plants operating on a reheating cycle, but it is esti- 
mated by various turbine designers that it will amount 
to from 2} to 33 per cent, so that the heat gain due to 
reheating to 725 deg. 


gage. At 400 lb. ini- 


F. should be from 5 to 
6 per cent. These fig- 


tial pressure and 675 [NS A paper before the World Power Conference 


deg. F. it would lose it 
at about 35 Ib. and the 
lower stages in the 
turbines would contain 


the author discusses reheating and regenerative 
cycles, describes the arrangement employed at 
the Crawford Avenue Station and shows why 


ures allow for a pres- 
sure drop of 10 to 12 
lb. through re- 


an increased amount 
of moisture. At 550 
lb. and 700 deg. F. ini- 


initial cost with 550 or 600 pounds need be but 
little more than with 300 pounds pressure. 


heater and piping, but 
if this pressure drop 
should excessive, 


the value of the reheat- 


tially, moisture would 
begin to appear at about 55 lb. With an initial pres- 
sure of 550 lb. it would be desirable to have a steam 
temperature of about 1,000 deg. F. in order that there 
should not be too much condensation in the lower stages 
of the turbine. But steam temperatures are limited 
by the reduction in the strength of metals as the tem- 
perature increases. This condition leads to the desir- 
ability, when operating at the higher pressure, of “re- 
heating” the steam after it has passed through part of 
the turbine, and a great deal of consideration has been 
given of late by turbine designers and central-station 
engineers to the so-called “reheating cycle.” This is 
merely a modification of the Rankine cycle, and it con- 
templates taking the steam out of the turbine after it 
has expanded through the high-pressure portion, pass- 
ing it through some kind of a reheater in which the 
temperature is increased and returning it again to the 
turbine. 

Some idea of the gain that can be made in cycle effi- 
ciency by the reheat cycle combined with an increase 
in pressure and superheat is shown by the temperature- 
entropy diagrams in Fig. 1. In this, the area B rep- 
resents a turbine working on 275 lb. gage, 565 deg F. 
initial steam temperature and 1 in. of mercury absolute 
back pressure, which was good central-station practice 
before the war. Area C shows the heat available for 
conversion into work by a turbine operating on 550 Ib. 
gage pressure 725 deg. F. initial temperature, reheating 
at 105 Ib. to 725 deg. F. and exhausting into a vacuum 
of ? in. of mercury absolute pressure. The thermal 


ing will fall off rapidly. 

As to the temperature that is practicable for either 
the initial or the reheated steam, it is limited by the 
falling off in the strength of metals with increase of 
temperature. As temperatures were increased in the 
earlier turbine installations, it was found that cast iron 
could not be used for valve bodies, fittings or turbine 
parts if exposed to temperatures over about 500 deg. F. 
Castings were found to warp and deteriorate in strength 
in a comparatively short time when used for the higher 
temperatures. With steel, both cast and wrought, the 
limits are higher. 

Many tests have been made in the last few years to 
determine the variations in strength of metals with 
increase in temperature, and these all indicated a quite 
distinct falling off in both elastic limit and ultimate 
strength at some point between 700 and 800 deg. F. 
The curves of Figs. 2 and 3 show the results of such 
tests on some of the more important metals used in 
valves, fittings and turbine parts. It must be added also 
that there is little information as to the effect of time 
on the strength of these metals at the higher tempera- 
tures. It is quite possible that over a period of months 
or years the strength of metals subjected to tempera- 
tures around 700 deg. F. may show a falling off that is 
not apparent when they are tested after only a brief 
exposure. Most turbine designers and central-station 
engineers are agreed that, in the present state of the 
art, the practical limit of temperature for continuous 
operation is about 750 deg. F. and that 800 deg. F. may 
be looked upon as the extreime limit for short periods. 
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It is true that tenmperatures higher than these are 
already being used in the oil refineries, but in compara- 
tively small volumes, and there are no moving elements 
such as in a turbine. 


There is another modification of the Rankine steam. 


cycle that must always be taken into account in any 
consideration of high-pressure steam plants, and that 
is the so-called “regenerative cycle.” This consists of 
a scheme for heating the feed water by steam extracted 
from the turbine at various points. Very early in the 
development of the turbine surface condensers became 
standard practice because in them the steam is con- 
densed into pure distilled water and can be returned 
to the boilers uncontaminated by oil or by the circulat- 
ing water. The water is condensed at the temperature 
of the vacuum about 70 deg. F. for 1 in. absolute 
vacuum, and in the earlier plants it was the general 
practice to heat the feed water by means of exhaust 
steam from steam-driven auxiliaries, and later econ- 
omizers became general in the larger stations to further 
heat the water by means of the flue gases before it 
went to the boilers. 

The value of regenerative feed heating for compound 
and triple-expansion engines was pointed out by James 
Weir, of Glasgow, Scotland, before 1890, but its adapta- 
bility to the steam turbine was emphasized by S. Z. 
de Ferranti, of Manchester, England, some years later, 
and the cycle is usually associated with his name. The 
efficiency of the usual steam-driven auxiliaries is low, 
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Fig. 1—Comparison of Steam Cycles 


“B”" 275 lb. gage, 565 deg., 1 in. abs. “C” 550 lb. gage, 
725 deg., reheating at 105 lb. gage. 


and Mr. de Ferranti pointed out that it is far more 
efficient to heat the feed water by steam extracted from 
the turbine after it has done work through the higher 
stages and use motor-driven auxiliaries. To get the 
best results, the heating must be done by a series of 
feed-water heaters; that is, the condensate is first 
heated by a heater taking steam from one of the lower 
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stages of the turbine at a pressure slightly above the 
absolute pressure in the condenser. The temperature 
of this steam, however, will be about 125 or 150 deg. F. 
according to the stage at which the connection is made, 
so that by such a heater the water can be heated to 
something under that temperature. Then, by putting 
it through another heater taking steam from a higher 
stage of the turbine, the feed temperature can be in- 
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Fig. 2—Elastic Limit of Metals at High 
Temperature 


creased accordingly. This process can be continued 
through a series of heaters until the feed water is 
heated up to any temperature less than that of satur- 
ated steam at the initial pressure. : 

To carry the regenerative cycle to its theoretical limit 
would require a large number of heaters, one for each 
stage or row of blades in the turbine, but this, of course, 
is impossible in practice, and as a rule not more than 
three or, at the most, four heaters are used. There is 
a distinct gain in the plant efficiency by this method of 
feed-water heating, and it is now being used in a num- 
ber of stations operating on less than 300 lb. pressure. 

The absorption of heat in the feed water by steam 
extracted from the low-pressure stages of the turbine 
is much more efficient than is that at the higher stages, 
because the steam extracted at the low stages has done 
much more work in the turbine. A high feed tempera- 
ture means a correspondingly high temperature of the 
gases leaving the boiler or economizer, which leads to 
the use of “air economizers” to get the last heat out of 
the gases where a high feed temperature is used, and 
if the feed water is heated to within 75 deg. F. of the 
temperature of saturated steam at the boiler pressure, 
it is hardly practical to use any water economizer, and 
a very large air economizer must be used to reduce the 
temperature of the flue gases to an efficiently low tem- 
perature. 

Other things being equal, the boiler-plant efficiency 
depends on the flue-gas temperature; the lower that 
temperature the higher the efficiency. Approximately 
35 deg. F. increase in flue-gas temperature means one 
per cent loss in plant efficiency. and the comparatively 
small gain in turbine efficiency hy the high-temperature 
steam extraction—that is, from the high-pressure 
stages—is likely to be more than can be made up by @ 
commercially practical air economizer. In the writer’s 
opinion, looking at the station efficiency as a whole, the 
best results will be obtained by using both water and air 
economizers and a feed temperature somewhere between 
220 and 250 deg. F. 

The first central station built for high steam pressure 
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and using reheating, regenerative feed heating and air 
economizers, was the North Tees Station of the New- 
castle Electric Supply Co., which was designed by 
Merz & McLellan in 1917. There were many delays in 
the construction of this station on account of war condi- 
tions, and it was not put into operation until early in 
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Fig. 3—Ultimate Strength of Metals at High 
Temperature 


1921. The station is equipped with two 20,000-kw. tur- 
bines and 10 boilers. The steam is 450 lb. gage and 
650 deg. F. In the high-pressure end of the turbine the 
steam is expanded down to about 65 lb. gage and then 
conveyed to the interstage superheaters with which 
five of the boilers are equipped. The steam is reheated 
to about 500 deg. F. and returned to the turbine. Feed 
water is heated by steam extraction to 300 deg. F. and 
each boiler is equipped with an air economizer, but 
there are no water economizers. 

Four power stations are now under construction in 
the United States which are to use these features for 
improved economy. The Crawford Avenue Station of 
the Commonwealth Edison Co., Chicago, and the Philo 
arrd Twin Branch Stations of the American Gas & Elec- 
tric Co. are all to be in operation this year. The Miami 
Fort Station of the Columbia Power Co. (Cincinnati) 
is to be in operation next year. In all these stations 
the steam pressure is to be 550 lb. gage at the turbine 
throttle and 725 deg. F. initial temperature and reheat- 
ing at 105 lb. gage pressure to 700 deg. F. 

The largest and most important of these stations is 
the Crawford Avenue Station of the Commonwealth 
Edison Co. at Chicago. Three turbine units have been 
ordered for this station: One from C. A. Parsons 
& Company, Ltd., Newcastle-upon-Tyne, England, of 
50,000 kw.; one from the General Electric Co., of 60,000 
kw.; and one from the Westinghouse Electric & Manu- 
facturing Co., of 50,000 kw. These are all compound 
units. 

The Parsons unit consists of three separate tur- 
bines, a high-pressure turbine running at 1,800 r.p.m. 
driving a generator of 16,000 kw. capacity, an inter- 
mediate at 1,800 r.p.m. driving a 28,000-kw. generator 
and a low-pressure running at 720 r.p.m. and driv- 
ing a 6,000-kw. generator. The intermediate and 
low-pressure turbines are in tandem so that they will 
look much as though they were one turbine with a gen- 
erator at each end. All three turbines are “single flow.” 

The General Electric unit consists of a high-pressure 
turbine driving an alternator of 17,000-kw. capacity at 


POWER 89 


1,800 r.p.m. and a low-pressure turbine driving a 43,000- 
kw. alternator at 1,200 r.p.m. The turbines of this unit 
have impulse blading throughout and are single flow. 

The Westinghouse unit is made up of a high-pressure 
turbine and an intermediate on one shaft, driving a 
20,000-kw. alternator at 1,800 r.p.m., and a double-flow 
low-pressure turbine driving a 39,000-kw. alternator at 
1,800 r.p.m. This unit employs Parsons blading through- 
out, and the last two rows of Mades have a divided 
exhaust arrangement, a scheme for reducing the length 
of the low-pressure blades originally developed by K. 
Baumann, of Manchester, England. 

The generators are all of 60 cycles. The low-pressure 
turbine is in each case equipped with two vertical con- 
densers that stand up adjacent to or at the end of the 
low-pressure turbine. The vertical condensers are used 
because with them it is possible to have a very efficient 
connection between the turbine and condenser and also 
because the circulating water at the site of this station 
carries a large amount of sediment which will not foul 
the vertical tubes. 

In each unit the steam is to be reheated after expand- 
ing through the high-pressure turbine at about 105 lb. 
gage from 410 deg. F. The Parsons turbine is designed 
for heating feed water by steam extraction to 340 deg. 
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Fig. 4—Reheat Boiler, Crawford Avenue Station 


F., the General Electric unit to 245 deg. and the Westing- 
house to 250 deg. F. The boilers on the Parsons unit 
will be equipped with both water and air economizers, 
those on the other units with water economizers only, 
though air economizers can be added if the expense is 
proved to be warranted. 

There are five boilers on each unit, the one nearest 
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the turbine in each case being equipped with a reheater. 
Each of the four “normal boilers” on each unit con- 
tains 16,615 sq.ft. of boiler surface. The reheat boiler 
contains only 6,000 sq.ft. and the reheater containing 
approximately 41,000 sq.ft. is mounted on top of the 
boiler. Fig. 4 shows a section of the “reheat boiler.” 
The boiler under the reheater will generate about 65 to 
70 per cent as much steam as each of the normal boilers, 
and is so proportioned that the furnace is the same 
under both boilers. The stoker under the reheat boiler 
will be operated so as to regulate the temperature of the 
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actual monthly operating efficiency,—of 88 per cent, 
which provides for “banked fires” and other “stand-by” 
losses and for loss of plant efficiency due to irregulari- 
ties of load, which is a conservative figure for a large 
plant burning a low grade of coal such as used in Chi- 
cago, this plant should average about 15,000 B.t.u. per 
kilowatt-hour. 

As to the cost of these high-pressure stations, it is 
impractical to make precise comparisons, because two 
stations cannot be designed and built under exactly 
similar conditions. Many things affect the cost, such 
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steam leaving the reheater, and the primary object of 
the boiler under the reheater is to reduce the tempera- 
ture of the furnace gases to something under 1,700 deg. 
F. before they come in contact with the superheater 
surface, because if tubes containing only dry steam are 
in direct contact with a temperature as high as that of 
the furnace, there is likely to be trouble due to the burn- 
ing of the tubes. 

As to the operating efficiency that is to be expected 
from plants working on a regenerative and reheating 
cycle such as that of the Crawford Avenue Station, it is 
obvious that we should expect considerable improvement 
over the results obtained in the larger stations of today. 
In Fig. 5 is shown a “Performance Diagram” of the 
Parsons unit of the Crawford Avenue Station, and this 
shows a theoretical fuel consumption at full-load equiva- 
lent to 13,210 B.t.u. in the coal per kilowatt-hour. 
Allowing an “operating efficiency ratio”—that is, the 
ratio between the theoretical plant efficiency and the 


Fig. 5—Performance Diagram of 50,000-kw. Parsons Unit for Crawford Avenue 


as the size of the turbine and boiler units, the character 
of foundations necessitated by soil conditions, the track 
layout, coal handling and coal storage, the character of 
electrical distribution from the station, conditions as to 
circulating water, the character and quality of building, 
labor conditions, and other matters of that sort. But 
fundamentally, the only items that cost more in the 
high-pressure plants are the turbines, the pressure parts 
of the boilers and economizers, the live-steam piping, 
the reheater and reheat piping and the steam-extraction 
heater system. The turbines cost but little more than 
in stations for lower pressure. In the boiler plant it 
is only the pressure parts that cost more, everything 
else is the same, and the boiler plant as a whole, in- 
cluding the coal-handling equipment, should cost less, 
because less plant is required in the same ratio as the 
saving in fuel. The boiler with the reheater costs but 
little more than the normal boiler and does the same 
amount of work. The reheat piping and the valves and 
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she necessary automatic devices are a positive addition 
to the cost, but the condensing plant should eost less 
because there is much less steam per kilowatt going to 
the condensers, and smaller condensers can be used. 


’ Taking it altogether, therefore, the plants for 550 Ib. 


pressure should not cost much more than those for 
300 Ib. 

The gain in efficiency of the steam cycle goes up very 
slowly with increase in pressure above 600 lb. and the 
auxiliary power increases appreciably owing to the rapid 
increase in that required by the feed pumps. The re- 
heat problem becomes much more complicated and more 
expensive. In fact, to get really efficient results with a 
steam pressure of 1,200 lb. requires reheating twice, 
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first at about 400 lb. and again at about 60 lb. Fig. 6 
shows some curves that indicate the improvement in 
cycle efficiency with increase in steam pressure. No 
curves such as there shown can be considered exact 
because the cycle efficiency for any pressure depends 
upon the amount of steam extraction, the point at 
which reheating is done and details of that kind, but 
variations in these factors cannot seriously affect the 
shape of the curves, which all indicate the slow im- 
provement by increasing steam pressure above 600 lb. 
Undoubtedly, within a few years, pressures above that 
will be used in many stations, but the gains in efficiency 
that can be made by further refinement of the steam 
cycle will be achieved only by the utmost care in design 
and the expense will increase rapid!y as the pressure 
goes up. 


The famous British engineer, Daniel Kinnear Clark, 
was ahead of his time. In his book, “Fuel—Its Com- 
bustion and Economy,” published in 1886, he said, 
speaking of small H.R.T. furnaces: “The constructing 
of the furnace chamber so shallow and with such inade- 
quate capacity, appears to have arisen from the idea 
that che nearer the body to be heated was brought to the 
source of heat the greater would be the quantity re- 
ceived. Sounder views, however, have shown that it 
should have been made capacious and the impact of 
the flame avoided.” 
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Restoring Service After Trouble 


on a Power System 
By C. M. KING 


Some faults on a power system, such as a defective 
bushing, cannot be burned clear within a reasonable 
time, and others cannot be burned clear because of the 
voltage drop between the fault and the generators. In 
a case observed, a transmission line failed, owing to 
the breaking of the conductors, in such manner as to 
cause a three-phase short-circuit 200 miles from the 
generating station, yet with a voltage of 100,000 at the 
power house a balanced current of but 300 amperes 
flowed to the fault. Since the current capacity of this 
line was 300 amperes, a fault of this nature could 
hardly be burned clear, and not only may considerable 
time be required, but several spans of wire may be de- 
stroyed during the process, and the system voltage 
may be so reduced as to preclude the rendering of any 
kind of service until the trouble is cleared. 


SECTIONALIZING THE SYSTEM 


Infrequently can a faulty line be switched out manu- 
ally without at least a partial interruption to service 
resulting, hence if a system is separated into sections, 
on any indication of trouble the extent of the interrup- 
tion can be greatly minimized. One of the most effec- 
tive and commonly used methods of clearing transmis- 
sion-system troubles, where relays are not employed, 
is to sectionalize the system by opening the necessary 
oil switches on every indication of trouble. Generally, 
after separating, the trouble will be confined to one 
section, and the station connected to this section of 
the system, having what is termed the “right-of-way” 
over the defective line, either burns the fault clear or 
isolates the faulty section. When systems are sectional- 
ized, on the occurrence of trouble each station must 
maintain the frequency and voltage within commercial 
limits on that section to which it is connected. To 
permit this, the load allotted to each section must not 
exceed the capacity of the generating station, keeping 
in mind that margin must be allowed for governing. 
After the system is sectionalized, it is customary to 
synchronize all sections but the faulty one as quickly 
as possible, for the demands for power can generally 
be best supplied by operating the sections in parallel. 

Supposing that a transmission system has been 
quickly sectionalized because of ‘the occurrence of 
trouble, conditions will soon become normal at all gene- 
rating stations except the one connected to the faulty 
line. Assuming that the trouble has been caused by 
two conductors of a three-phase line making permanent 
contact, considerable current would flow unless the im- 
pedance was of an unusually high value. If so, the 
line current, while unbalanced, might not exceed the 
full-load value, and the fault, assumed to be of a 
permanent nature, could not be burned clear within a 
reasonable time. In this case the operator would prob- 
ably greatly reduce the generator voltage and cut out 
the faulty line by opening the line oil switch. After 
having a line sectionalizing switch opened, usually the 
one most distant from the generating station, a test 
would be made by connecting one generator, at very low 
voltage, to the line, then increasing the voltage to the 
no-load value, if the ammeters gave a normal indication, 
or by connecting the line to the bus on which all the 
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generators are operating, without taking time to sepa- 
rate a unit for testing purposes. If a faulty line is 
connected to a station bus, it is likely that the gener- 
ators connected thereto will be thrown out of syn- 
chronism, and considerable time may be required to 
bring them into step, even after the defective line 
is switched out. For this reason and to limit the 
short-circuit current and its possibly harmful effects, 
a faulty transmission line is usually tested with but 
one generator. 


TESTING TRANSMISSION LINE 

When spare generating capacity is available, it is 
always good practice to test a transmission line after 
any work, such as meggering or changing insulators, 
has been done. This eliminates the possibility of con- 
necting a line that may have become faulty since being 
taken out of service, or to which grounding or short- 
circuiting devices have been accidentally left connected. 
On a few systems where synchronous condensers are 
used, motors are employed to drive the condensers as 
generators, so that transmission lines may be tested 
from substations, through step-up transformers, with- 
out disturbance to the system. 

Instead of depending on manual operation for sec- 
tionalizing transmission systems, relays which function 
on the occurrence of low voltage are sometimes em- 
ployed, with generally favorable results. The auto- 
matic separating device used on one system utilizes 
a contact-making voltmeter, the contacts of which, when 
closed, energize a relay switch, which applies, through 
several carbon contacts, current to the trip coils of 
a number of oil switches. The winding of the contact- 
making voltmeter is generally such that the device will 
function when the voltage decreases to 80 per cent of 
the full-load value. Such a separating device as this 
or voltage relays such as those made by several manu- 
facturers, can sometimes be used to advantage to sec- 
tionalize systems or buses when a fault develops. Where 
such a relay is used, care must be taken to disconnect 
it before the circuit to which it is connected is de- 
energized and to be certain that the voltage, on the 
occurrence of a fault, will be reduced to the point at 
which the relay is set to function. 


Using the Ammonia Tables 
By JOHN E. STARR 


Engineers in charge of refrigerating plants do not 
make as much use of the properties of ammonia tables 
as they should. There is nothing mysterious about 
these tables, and they are valuable aids to the engineer 
who is trying to obtain results in the plant. 

The Bureau of Standards, Washington, D. C., has 
issued Circular No. 142, which contains tables giving 
the properties of both saturated and superheated am- 
monia. Part of the saturated-ammonia table is here 
reproduced as Table I. The tables originally gave only 
the pounds per square inch in terms of absolute pres- 
sure. Engineers are so accustomed to figure in terms 
of gage pressure that column 3, giving the gage 
pressure, was added; the gage readings up to 14.7 Ib. 
absolute are in terms of inches of mercury. 

Even the most inexperienced of engineers need not be 
alarmed at the column headings. After once under- 
stood, the table will be found of great assistance. 

For example if the gage pressure reads 15 ]b., this 
value in the third column under the heading “g.p.” 


POWER 


Vol. 60, No. 3 


will be found opposite —1 under the heading “Temp. 
°F” in column 1. This indicates that this tempera- 
ture, —1 deg. F., is the evaporating temperature of 
ammonia under 15 lb. gage pressure. 

Under “Volume Vapor” in column 4 it will be seen 
that a pound of ammonia vapor at this temperature 


TABLE I—PROPERTIES OF SATURATED AMMONIA 


Pressure. Heat content. Entropy. 
Volume} Density Latent 
Absolute. Vv 5 
t P | 1/V h A L 8 
—40 | 10.41] *8.7 | 24.86 | 0.04022 0.0 | 597.6 | 597.6 | 0.0000 | 1. 4242 
—39 | 10.72] *8.1|24.18| .04135 1.1 | 598.0 | 596.9 .0025 .4217 
—38 | 11.04] *7.4| 23.53] .04251 2.1 | 598.3 | 596,2 -0051 | .4193 
—37 | 11.37] *6.8 | 22.89 | .04369 3.2 | 598.7 | 595.5 -0076 | .4169 
—36 [11.71 | *6.1 | 22.27] .04489 4.3 | 599.1 | 594.8 .0101 | .4144 
—85 | 12.05] *5.4 | 21.68 | 0.04613 5.3 | 599.5 | 594.2] 0.0126 | 1.4120 
—34 | 12.41] #4.7] 21.10] .04739 6.4 | 599.9 | 593.5 -O151 | .4096 
—33 | 12.77] *3.9] 20.54] .04868 7.4 | 600.2 | 592.8 0176 | .4072 
—32 | 13.14] *3.2] 20.00] .04999 8.5 .6 | 592.1 -0201 | .4048 
—31 | 13.52] *2.4] 19.48] .05134 9.6 | 601.0 | 591.4 -0226 | .4025 
—80 | 13.90] #1.6 18.97 | 0.05271] 10.7 | 601.4 | 590.7] 0.0250] 1.4001 
—29 | 14.30] *0.8] 18.48] .05411] 11.7 | 601.7 | 590.0 -0275 | .3978 
—28 | 14.71! 0.0] 18.00] .05555] 12.8 | 602.1 | 589.3 -0300 | .3955 
—27 115.12] 0.4] 17.54] .05701] 13.9 | 602.5 | 588.6 -0325 | .3932 
—26 15.55] 0.8|17.09] .05850] 14.9 | 602.8 | 587.9 
—25 | 15.98] 1.3] 16.66] 0.06003} 16.0] 603.2 | 587.2] 0.0374 | 1.3886 
—24 116.42] 1.71 16.24] .06158] 17.1 | 603.6 | 586.5 -0399 | .3863 
—23 | 16.88] 2.2] 15.83] .06317.] 18.1 | 603.9 | 585.8 -0423 | .3840 
—22 117.34] 2.6] 15.43] .06479] 19.2 | 604.3 | 585.1 .0448 | .3818 
—21 3.1] 15.05] .06644] 20.3 | 604.6 | 584.3 -0472 | .3796 
—20 | 18.30] 3.6 | 14.68 21.4 | 605.0 | 583.6] 0.0497 | 1.3774 
-19 |18.79] 4.1 | 14.32 22.4 | 605.3 | 582.9 -0521 | .3752 
-18 | 19.30] 4.6 | 13.97 23.5 | 605.7 | 582.2 .0545 .3729 
-17 | 19.81] 5.1] 13.62 24.6 | 606.1 | 581.5 40570 | .3708 
—16 | 20.34] 5.6] 13.29 25.6 | 606.4 | 580.8 .0594 | 3686 
—15 | 20.88] 6.2 | 12.97 26.7 | 606.7 | 580.0] 0.0618 | 1.3664 
—14 | 21.43] 6.7 | 12.66 27.8 | 607.1 | 579.3 -0642 | .3643 
-13 | 21.99] 7.3] 12.36 28.9 | 607.5 | 578.6 -0666 | .3621 
—12 | 22.56] 7.9] 12.06 30.0 | 607.8 | 577.8 -0690 | .3600 
—11 | 23.15] 8.5] 11.78 31.0 608.1 | 577.1 .0714 | .3579 
—10 | 23.74] 9.01 11.50 $2.1 | 608.5] 576.4] 0.0738 | 1.3558 
-10 | 23.74) 9.0] 11.50 . $2.1 | 608.5 | 576.4| 0.0738 | 1.3558 
—9 | 2435] 9.7] 11.23 33.2 | 608.8 | 575.6 0762 | .3537 
-8 | 24.97] 10.3 | 10.97 34.3 | 609.2 | 574.9 0786 | .3516 
-7 | 25.61] 10.9] 10.71 35.4 | 609.5 | 574.1 .0809 | . 3495 
—6 | 26.26] 11.6] 10.47 36.4 | 609.8 | 573.4 0833 | .3474 
| 26.92] 12.2] 10.23 $7.5 | 610.1 | 572.6 | 0.0857 | 1.3454 
—4 | 27.59] 12.9] 9.991 38.6 | 610.5 | 571.9 0880} . 3433 
—3 | 28.28] 13.6] 9.763 39.7 | 610.8 | 571.1 .0904 | .3413 
—2 | 28.98] 143] 9.541] 40.7 | 611.1 | 570.4 .0928 | .3393 
—1 | 29.69] 15.0] 9.32 41.8 | 611.4 | 569.6 ~0951 | .3372 
© | 30.42) 15.7! 911 42.9 | 611.8 | 568.9] 0.0975 | 1.3352 
1 | 31.16] 165] 8.91 44.0 | 612.1 | 568.1 -0998 | . 3332 
2 | 31.92] 17.2] 871 45.1 | 612.4 | 567.3 1022 | .3312 
3 | 32.69] 18.0] 8.521 46.2 | 612.7 | 566.5 -1045 | . 3292 
4 |33.47] 188] 8 47.2 | 613.0 | 565.8 1069 | .3273 
| 34.27] 19.6] 8. 48.3 | 613.3 | 565.0] 0.1092 | 1.3253 
6 | 35.09] 20.4] 7. 49.4 | 613.6 | 564.2 .1115] .3234 
7 | 35.92] 21.2] 7.7 50.5 | 613.9 | 563.4 1138 | .3214 
8 |36.77| 221] 7.6 51.6 | 614.3 | 562.7 1162 | .3195 
9 | 37.63] 22.9] 7.464 52.7 | 614.6 | 561.9 1185 | .3176 
20 {128.8 | 114.1] 2.312] 0.4325] 120.5] 629.1] 508.6} 0.2537 | 1.2140 
71 «| 116.4) 2.273} .4399] 121.7 | 629.3 | 507.6 .2558 |. 2125 
72 «(133.4 |1187|2.235| .4474] 122.8 | 629.4 | 506.6 2579 | .2110 
73 «(135.7 | 12L0]2.197] .4551| 124.0] 629.6 | 505.6 -2601 | . 2095 
74 «(1138.1 | 123.4 | 2.161 4628 | 125.1 | 629.8 | 504.7 . 2622 | . 2080 
75 | 125.8] 2.125] 0.4707] 126.2 | 629.9 | 503.7} 0.2643 | 1.2065 
76 «143.0 | 128.3|2.089| .4786] 127.4 | 630.1 | 502.7 2664 | . 2050 
77 «(145.4 | 130.7] 2.055] .4867] 128.5 | 630.2 | 501.7 2035 
78 147.9 | 133.2 | 2.021] .4949] 129.7 | 630.4 | 500.7 -2706 | . 2020 
79 «150.5 | 135.8] 1.988] .5031 .130.8 | 630.5 | 499.7 . 2006 
80 {153.0 | 138.3 | 1.955 | 0.5115 | 132.0 | 630.7 | 498.7] 0.2749 | 2.1991 
81 155.6 | 140.9] 1.923] .5200] 133.1 | 630.8 | 497.7 2769 | .1976 
82 |158.3 | 143.6] 1.892] .5287] 134.3 | 631.0 | 496.7 -2791 | .1962 
83 [161.0 | 146.3] 1.861] .5374] 135.4 | 631.1 | 495.7 .2812 | .1947 
$4 {163.7 | 149.0] 1.831] .5462] 136.6 | 631.3 | 494.7 2833 | . 1933 
85 /166.4 | 151.7] 1.801 | 0.5552] 137.8 | 631.4 [493.6] 0..2854 | 1.1919 
85 | 166.4 | 151-7] 1.801] 0.5552] 137.8 | 631.4 | 493.6] 0.2854 | 1.1918 
86 | 169.2] 154.5]1.772| .5643] 138.9] 631.5 | 492.6 .2875 | .1904 
87 | 172.0] 157.3] 1,744] .5735] 140.1 | 631.7 | 491.6 -2895 | .1889 
88 | 174.8] 160.1] 1.716] .5828] 141.2 | 631.8 | 490.6 -2917 | .1875 
89 | 177.7 | 163.0] 1.688 | .5923] 142.4 | 631.9 | 489.5 2937 | .1860 
90 | 180.6 | 165.9 | 1.661} 0.6019] 143.5 | 632.0] 488.5] 0.2958 | 1.1846 
91 | 183.6 | 168.9] 1.635] 6116] 144.7 | 632.1 | 487.4 ,2979 | .1832 
92 | 186.6] 171.9] 1.609] .6214| 145.8 | 632.2] 486.4 . 1818 
93 | 189.6 | 174.9] 1.584] .6314] 147.0 | 632.3 | 485.3 ~3021 | .1804 
94 | 192.7] 178.0] 1.559] .6415| 148.2 | 632.5 | 484. 1789 


and pressure will occupy 9.326 cu.ft., and column 5 
reveals that a cubic foot of the vapor will weigh 
0.1072 pound. 

A pound of liquid requires 41.8 B.t.u. to raise it 
to —1 deg. from —40 deg. F., at which latter point 
it is assumed for convenience that the ammonia has no 
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heat. This is found in column 6 under the heading 
‘Liquid B.t.u.” 

The heat of the liquid at 178 lb. gage is given as 
148.2, and since it was 41.8 at —1 deg., 148.2 — 41.8 = 
106.4 B.t.u. must be removed from a pound of liquid 
ammonia at 178 lb. gage pressure and 94 deg. tempera- 
ture to reduce it to —1 deg. F. If we cool a pound of 
water, we must remove 1 B.t.u. for each deg. it is 
cooled, so it is apparent that we must take a little more 
heat out of ammonia than out of water to cool it a 
stated number of degrees. 

In colmun 7 under the heading “Vapor B.t.u./lb.” are 
given the amounts of heat a pound of ammonia vapor 
will have at any pressure. At 15 lb. gage and —1 deg. 
F. the ammonia vapor will contain 611.4 B.t.u.; this 
consists of the heat necessary to raise the liquid from 
—40 to —1 deg., or 41.8 B.t.u. plus the heat needed 
to vaporize the liquid, or 569.6 B.t.u. This latter heat, 
569.6 B.t.u., will be found in column 8 under “Latent 
Heat.” 

The coiumns giving the “entropy” need not concern 
us now since these factors are used only in calcula- 
tions not dealt with here. 

The superheat tables are given in terms of absolute 
pressure, but for practical use zero gage may be taken 
as 15 lb. absolute. The heading in heavy type, Table 
II, is lb. per sq.in. absolute. Below the pressure value 
is given the evaporating temperature, which in case of 
30 Ib. absolute is —0.57 deg., or approximately —1 deg. 

As sn example of how to use the superheat table, 
assume that the pressure is 30 Ib. absolute (15 Ib. gage) 
and the thermometer reading is 20 deg. Since the 
boiling point at this pressure is —1 deg. F., this means 
that the gas is superheated 21 deg. When in this 
condition the superheated vapor or gas contains 623.5 
B.t.u. per pound as indicated by the figure in the column 
under the heading H in line with 20 deg. Its volume, 
as shown by the value in the column headed V is 0.731 
cu.ft. per pound. 

If the gage on the suction side of the compressor 
shows 15 lb. and there is no choke in the coil, one knows 
the boiling temperature in the coil is 1 deg. below 
zero, as shown by Table I. If a thermometer in the 
suction line shows 20 deg. F., one may be confident 
that the system is choked somewhere between the com- 
pressor and coil inlet. 

The volume of a pound of vapor at the temperature it 
leaves the liquid is seldom as much as the actual volume 
handled by the compressor per pound evaporated. In 
the first place it is likely to be superheated a little on 
its way to the compressor by picking up heat in the 
suction line. The heat so taken up of course does 
nobody any good, but is usually so small that it is 
neglected. With most plants it does not affect the 
results adversely more than 2 per cent. A superheat of, 
say, 10 deg. may be tolerated. A glance at the tables 
readily puts one in position to figure just what it 
amounts to in any oase. 

As it enters the compressor the gas is further heated 
by heat absorbed from the cylinder and further swelled 
in volume. So the compressor volume per pound of 
ammonia is always more than the evaporator volume. 
The same considerations apply to the superheat at the 
head pressure. It will always be an item but seldom an 
item that can be reduced below a certain point. It is 
arrived at by adding together the total heat of the gas 
at the evaporator and the heat corresponding to the 


POWER 98 


power used in the compressing of the charge. The 
result is the total heat that one pound should have as 
the gas leaves the compression valves, and a_ look 
at the superheat tables shows at once what the tem- 
peratures of the outlet gas should be. If they are 
higher than they should be, it is time to look for 
trouble in the discharge end of the compressor; gen- 
erally the discharge valves are found to be in bad shape. 

Here is where the column “entropy” marked S in 
the superheat tables comes into play. If there is no 
heat lost te the cylinder walls by the gas during 
compression and none absorbed by the gas from the 
cylinder or suction valves, the entropy remains con- 
stant. If the suction pressure is 30 lb. absolute (15 Ib. 


TABLE II—PROPERTIES OF SUPERHEATED AMMONIA 


[V=volume in ft.'/Ib.; H=heat content in Btu./Ib.; S=entropy in Btu./ib. *P.] 


bsolute p Ibs./in? (8 P in italics.) 
Temp 30 31 2 Temp. 
~0. 57 +0.79° +811 
H s H s Vv s 
Bat. 3.955) 61.0] 18888) 8.608] 18810) Set. 
10 9.492 | 617.8 | 1.3497} 9.173 | 617.4] 1.3453] 8.874] 617.1] 1.3411 10 
20 9.731 | 623.5] .3618] 9.405} 623.2] .3574] 9.099] 622.9] .3532 20 
30 9.966 | 629.1 3733 | 9.633} 628.2 3691 | 9.321 | 628.5] .3649 30 
10.20 634.6 3845 | 9.858 | 634.4 3803 | 9.540] 634.1] .3762 40 
50 | 10.43 640.1 | 1.3953 | 10.08 639.9 | 1.3912} 9.757 | 639.6 | 1.3871 50 
10.65 645.5 9 | 10.30 645.3 4017 | 9.972 | 645.1] .3977 60 
70 | 10.88 650.9 4161 } 10. 52 650. 7 4120 | 10.18 650.5 | .4080 70 
80 711.10 656.2 4261 | 10.74 656. 1 4221 | 10.40 655.9 | .4181 80 
90 711.33 661.6 4359 | 10.96 661.4 4319 | 10.61 661.2 | .4280 90 
100 } 11.55 666.9 | 1.4456 | 11.17 666.7 | 1.4415 § 10.81 666.6 | 1.4376 | 100 
110 4:11.77 672.2 11.38 672.1 4510 11. 02 671.9 | .44707 110 
120 | 11.99 677.5 4642 | 11.60 677.4 | .4602 11.23 677.3 | .4563 120 
130 12.21 682.9 4733 | 11.81 682.7 | .4693 | 11.44 682.6 | .4655] 130 
140 12.43 688. 2 4823 } 12.02 688.1} .4783 | 11.64 687.9 | .47447 140 
150 | 12.65 693.5 | 1.4911 | 12.23 693. 4 | 1.4871 | 11.85 693.3 | 1.4833 | 150 
160 | 12.87 698.8 4998 | 12.44 698.7 | ,4958 | 12.05 698.6 | .4920]7 1 
170 7 13. 704. 2 12. 66 704.1 5044 | 12. 26 704.0} .5006 170 
180 | 13.30 709.6 5168 | 12. 87 709, 5 5129 | 12.46 709.4} .5090 
190 | 13.52 714.9 5251 | 13.07 714.8 6212 . 66 714.7] .5174] 190 
200 | 13.73 720.3 | 1.5334 | 13.28 720.2 | 1.5294 § 12, 86 720.1 | 1.5256 | 200 
220 | 14.16 731.1 5495 | 13.70 731.1] .5456 731.0] .5418] 220 
240 | 14. 742.0 5653 | 14.12 742.0] .5614 | 13.67 741.9] .5576] 240 
260 | 15.02 753.0 5808 | 14. 53 752.9] .5769 | 14.08 752.9} .5731 
280 15.45 764.1 5960 14.95 764.0} .5921 | 14.48 763.9} .5883] 280 
150 160 170 
78.81 


Sat. 
90 

100 2.118 | 645.9 | 1.2288] 1.969 .9 | 1.2186 | 1.837 9 | 1.2087 |] 100 
110 2.174] 652.8 2410} 2.023 | 651.0] .2311] 1.889] 649.1 22157 110 
120 | 2. 659.4 .2526 2.075 | 657.8 | .2429}7 1.939] 656.1 | .2336 

130 | 2.281 -2638 | 2.125 | 664.4] .2542] 1,988] 662.8] .2452] 130 
140 2.334] 672.3 2745 | 2.175 | 670.9 2652 | 2.035] 669.4] .2563] 140 
150 2.385 | 678.6 | 1.2849 | 2.224] 677.2 | 1.2757 | 2.081 | 675.9 | 1.2669} 150 

160 | 2.435] 684.8 2949 | 2.272 | 683 2.127 | 682.3 | .2773] 160 

170 | 2.485] 690.9 3047 | 2.319 | 689.7 2958 | 2.172] 688.5 | .2873] 170 
180 2.534] 696.9 3142 2.365 | 695.8 2.216 | 694.7) .2971 80 
190 2.583 | 702.9 3236 | 2.411} 701.9 3148 | 2.260] 700.8] .3066] 190 
200 2.631 | 708.9 | 1.3327 | 2.457 | 707.9 | 1.3240] 2.303] 706.9 | 1.3159 

210 2.679 | 714.8 3416 2.502 | 713.9] .3331 2.346] 713.0] .3249] 210 
220 2.726 | 720.7 2.547 | 719.9 3419 | 2.389] 719.0 3338 | 220 
230 2.773 | 726.6 3590 | 2.591 | 725.8 2.431 | 724.9 3426 

240 2.820 | 732.5 3675 | 2.635 | 731.7 3591 | 2.473 | 730.9 3512} 240 
250 2.866 | 738.4 | 1.3758 | 2.679 | 737.6 | 1.3675] 2.514] 736.8] 1 260 
260 2.912 | 744.3] .3840] 2.723 | 743.5 3757 | 2.555 | 742.8] .3679] 260 
270 2.958 | 750.1} .3921 2.766 | 749.4] .3838] 2.596 | 748.7] .3761] 270 
280 3.004} 756.0] .4001] 2.809 | 755.3 3919 | 2.637 | 754.6] .3841 280 
290 3.049 | 761.8 | .4079] 2.852] 761.2 3998 | 2.678 | 760.5 3921 | 290 
800 3.095 | 767.7 | 1.4157 | 2.895 | 767.1 | 1.4076] 2.718 | 766.4] 1.3999 | 800 
320 3.185 | 779.4] .4310] 2.980] 778.9] .4229] 2. 778.3} .4153 

340 3.274 | 791.2] .4459] 3.064] 790.7] .4379] 2.878 | 790.1] .4303] 340 


gage) and the suction temperature 20 deg. F., indi- 
cating a slight superheat, then the entropy is 1.3618. 
Suppose the discharge pressure is 170 lb. absolute (155 
Ib. gage). By looking in the table under 170 Ib. abso- 
lute gas, we find that at a temperature of 260 deg. the 
entropy is 1.3679, while at 250 deg. it is 1.3596, so that 
for an entropy of 1.3618 the temperature should be 254 
deg. If the thermometer indicates 300 deg., one may be 
certain that there is a lot of heating at the suction 
valve or it may be caused by a leaking piston, permit- 
ting the hot gas to blow by to be recompressed on the 
next stroke. 

A familiarity with the tables of ammonia properties 
is an asset to any refrigerating-machine operator, as 
it will assist him in the every-day operation of the 
plant. 
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Disks 


QO* ACCOUNT of the rapid increase in turbine capacities during 

the war period, the mechanical possibilities were pushed to the 
utmost. The use of single-row bucket wheels and high velocities 
led to larger diameter disks. Turbine failures of an erratic nature 
proved to be caused by fatigue effects of backward traveling waves. 


peculiar and erratic nature, which could not be ex- 

plained on the basis of stress alone, the General 
Electric Company has made an elaborate investigation. 
This is the subject of the paper presented by the late 
Wilfred Campbell at the spring meeting of the American 
Society of Mechanical Engineers, Cleveland, Ohio, May 
26-29, 1924, of which this is an abstract. The essential 
cause was found to be fatigue resulting from disk vibra- 
tion whose period corresponded closely to the turbine 
operating speed. This has been obviated by building 
disks with critical vibrating periods removed by safe 
margins from the operating speed. 

Vibration taking place in turbine disks includes for- 
ward traveling waves, backward traveling and stationary 
waves, the latter consisting of the two previous varieties 
in combination. If the description given in Mr. Camp- 
bell’s paper were condensed to the space here allowed, 
the explanations would fall short of their true value. 
In order to conform to these limits, a note appears at 
the end of this article wherein these and other condi- 
tions are briefly compared to familiar examples, which 
it is hoped will supply an equally clear conception of 
these phenomena. 

No special difficulties have been encountered with 
regard to turbine wheel vibration, which would indicate 
that the changes of design, made during and previous 
to the war, would produce unsatisfactory results. A 
rapid increase of turbine capacities at this period made 
it necessary to adopt greater bucket speeds and hence 


lf ORDER to account for turbine wheel failures of a 


larger wheel diameters. Tur- 
bine wheels, containing single 
bucket rows, were utilized 
throughout for steam tur- 
bines long before. Light 
wheels were desired on ac- 
count of obtaining minimum 
stress at the bore and less weight on the shaft as 
dictated by the unquestioned advantages of a rigid 
shaft and lower stresses generally. 

With the sudden increase of capacity the mechanical 
possibilities were pushed to the limit. Greater capacity, 
on the other hand, due to an advance in thermal condi- 
tions, did not occur until later and is still going on. 

After the investigation, which was begun in 1919, 
had been sufficiently advanced, wheels in turbines were 
tested for vibration. Up to March 1, 1924, there was a 
total of 4,399 wheels installed on machines over 5,000 kw. 
in capacity. Of these 3,596 were tested standing and 
497 were replaced to avoid further trouble. 

Waves were studied by the utilization of thin disks of 
steel or rubber. In Fig. 1 appears a retouched photo- 
graph of waves actually occurring in a rotating thin 
rubber disk. These ordinarily are backward traveling 
waves. In Fig. 2 sand figures indicate waves produced 
by an electromagnet, which vibrates the disk. Sand 
placed on the wheel is thrown from the actively vibrat- 
ing sections into those that are quiet. This represents 
standing vibration, in which each node or vibrating area 
is stationary with regard to the wheel. As explained in 


Fig. 1—Rubber disk 
(retouched) 


Fig. 2—Four-node standing wave 
produced by magnetic pulls 


Fig. 3—Eight-node wave vibrates prin- 
cipally at buckets 


Fig. 4—Six-node vibration at 
higher frequency than 4-node 
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the appended note, this really consists of two trains of 
waves traveling in both directions around the disk. 
Actually, one wave travels to the right and the other to 
the left, at equal displacements. 

If the frequency of the magnetic action is raised suffi- 
ciently, 6-node vibration will develop as indicated in 
Fig. 4. It is not necessarily dependent on the position 
of the balancing holes. Waves of 8, 10, 12, or even a 
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produced by two stationary coils 30 deg. apart, and also 
that of a 25-cycle timing wave. The coil making the 
upper curve leads as to location, so that a point on the 
wheel reaches it before the coil of the lower curve. In 
the diagram, however, the waves are moving toward the 
left, and a high point on the lower curve is actually 
ahead of a similar point on the upper, indicating a back- 
ward wave. From measurements of the wave forms, 


revs) 


20,000 Kw. 


9,000 Kw. 


Fig. 5—Two stationary coils 30 deg. apart show backward wave at A, smooth running at B and increased 
vibration at higher loads, C, D and E (traced) 


larger number of nodes may be produced by increasing 
the magnet frequency. When long buckets are present, 
the vibrating frequency is largely influenced by the mass 
and other conditions of the buckets themselves, as in 
Fig. 3, the wheel shown being over 8 ft. in total diam- 
eter. Paper has been laid over the buckets in order to 
support the sand. This represents an 8-node vibration, 
and the quiet area includes the entire disk, so that the 
buckets principally vibrate at this frequency. With 
lower frequencies, such as 4-node, it will be noted that 
the quiet areas are much closer to the hub. 

Two-node vibration has not so far been known as a 
stationary wave. In this case, where one side moves up 
the other moves down, forces are thus exerted on the 
shaft. With a larger number of nodes, however, the 
forces are practically balanced, so that the shaft is not 
greatly affected. 

A machine for mechanically vibrating a wheel, Fig. 7, 
consists of an electric motor attached by a connecting 
rod to a vertical reciprocating lever. The lower end of 


calculations show that the wheel carries a 6-node back- 
ward traveling wave, 31,, r.p.s., with respect to the 
wheel which itself rotates only 25 r.p.s., and also a for- 
ward traveling wave about nine times as fast. The 
wheel giving the five oscillograms in this figure is from 
the 17th stage of a 20,000-kw. 1,500-r.p.m. 23-stage 
turbine. 

Figures B, C and D indicate the differences of vibra- 
tion in the same disk as produced by load variation. 
The record of a smoothly running disk is indicated in 
B, at 5,000 kw. At a load of 9,000, as shown at C, wave 
motion has not yet greatly developed. With 11,000 kw. 
as at D, wave motion is fully developed, and at E, the 
final record, representing 20,000 kw., it is still farther 
advanced. 

Tests with buckets mounted on flexible disks when 
vibrating indicate that air or steam ejected from a 
nozzle presents varying thrusts on the buckets due to 
their twisting or changes of angles with regard to the 
nozzle stream. Backward waves could thus be increased 
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Revolving coil. 


Stationary coil. 


4250 p.m. 


Fig. 6—Stationary and moving coils show vibration, At A, standing wave; B smooth running autograph; C 
and D, 6-node critical speed and at E, good operation (traced) 


this lever is pivoted, and the pivot is held between 
springs so it may move. In between the ends of this 
reciprocating lever is attached a rod that communicates 
the reciprocating motion to the shroud band. At a crit- 
ical vibrating speed the pivot is practically stationary 
but at other points the wheel moves little and the pivot 
moves instead between the spring supports. A com- 
pressed-air turbine is preferred to the electric motor for 
use in the field. A tachometer indicates speed. 

At A, Fig. 5, is shown the tracing of an oscillogram 


until they are sufficient to rub the nozzles. This is 
called a “feathering action” and is the cause of in- 
creased vibration in Fig. 5. 

Figure 6 represents the effect of speed in producing 
critical vibration where the natural period of the disk 
oscillation corresponds to a turbine speed of 1,250 r.p.m. 
The wheel is stationary at A, the upper record repre- 
senting that of a stationary coil, and the lower a timing 
wave when the wheel is vibrated mechanically in 6-node 
vibration. 
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At 1,140 r.p.m., no vibration is noted as at B, this 
being the wheel “autograph,” but at C, where the disk 
rotates 1,250 r.p.m., which is the 6-node critical speed, 
the revolving coil shows a backward wave in the wheel. 
The stationary coil is opposite a wave stationary in 
space. In D at the same speed a moment later, the 
waves have developed somewhat more with a forward 


Fig. 7—Electrically driven machine vibrates 
turbine disks 


wave on the stationary coil. At E the critical disk 
speed of 1,250 r.p.m. has been passed and the vibration 
has vanished. One revolution is represented between 
the points P P. 

Centrifugal force tends to stiffen the disk and there- 
fore to raise the period of disk vibration, as explained in 
the note following this article. In Fig. 10 the record of 
a moving coil shows the increase of frequency of disk 
vibration as the speed is raised. The frequency of the 
forward traveling wave is raised while the backward 
traveling wave, which exists along with the forward one 
to make up a stationary wave, has its frequency reduced, 
as shewn. The following formulas show these relations: 


The frequency F, is recorded in the revolving coil, at 
the speed N,, representing the combined or standing 
wave; H, the frequency of the forward wave in r.p.s., 
as given by the stationary coil, and M that of the back- 
ward wave from the same coil. F, is the frequency of 
the standing wave produced on a stationary disk. N, is 
the revolutions per second of the wheel, and » the num- 
ber of nodes making up the complete wave surrounding 
the wheel. B is a constant or speed coefficient depend- 
ing on the design of the wheel and type of vibration. 
This is generally from 2 to 3, being lower when the quiet 
areas are restricted closely to the hub. 

The effects of fatigue due to disk vibration are indi- 
cated in Figs. 8 and 9. In the latter a crack has oc- 
curred which was discovered in time to prevent damage. 
The upper figure shows the effect of a crack that was 
allowed to develop so as to cause failure. Fatigue, simi- 
larly, may cause failure of buckets or rims. 

Fatigue has been exhaustively investigated. The 
power required to produce this in 6- and 4-node vibra- 
tion, which is easily measured with an electric vibrating 
machine, is shown in Fig. 11. This indicates that the 
energy dissipated is comparatively small. In Fig. 12 
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the energy required for both traveling and stationary 
waves shows that the former are produced with less 
energy, but the latter are more readily developed at 
amplitudes greater than that at the point P. 

The effect of forced rubbing on vibration was investi- 
gated with a result that vibration of an erratic character 
was produced by a shoe thrust against the rim of the 
wheel. When running at a lower or minor critical speed, 
a well-formed backward traveling wave may occur, but 
at any other point the wave is very erratic. The effect 
of heating the hub with a gas flame to about 200 deg. F. 
warmer than the rim was tried, with the result that 
there are only slight changes in 2- and 4-node frequen- 
cies, although greater differences are noted with 6 and 8 
nodes. In actual operation the temperature differences 
are not anything like these tests, and sufficient margin 
for such temperature differences has been allowed for in 
the design of the buckets. 

Tightness of the buckets influences vibration appre- 
ciably. A considerable difference in 2-node frequency is 
thus produced with smaller differences in other types of 
vibration. Calking the buckets in order to tighten them 
makes large changes in the critical speed. Standing 
vibration is changed appreciably by replacing the buck- 
ets in a loose condition, although this did not affect the 
running tests greatly. 

The margins of speed that should be allowed between 
the operating speeds and those of critical disk vibration 
are determined from several considerations. In the first 
place a critical or resonant disk speed is not located or 
confined by a matter of one or two revolutions. The 
vibration may occur at a speed slightly above critical or 
slightly below. Special tests have shown that this 


Fig. 8—Fatigue crack developed into fracture 


Fig. 9—Disk fissure starts in tapped hole 


broadness of resonance amounts to about 2 per cent 
above and below a critical speed. 

Another possibility is the variation in the operating 
speed of the turbine at the plant as system frequencies 
may vary appreciably. The coefficient B in the formula 
for determining a disk critical running speed is obtained 
from a number of tests of similar wheels, and to a cer- 
tain extent is approximate. Temperature variations in 
the disk also may change the resonant speed. 
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Investigations of the subject have led to the conclu- 
sion that 6- or 8-node vibration should be separated by 
a margin of at least 10 per cent either above or below 
the operating speed. Four-node critical speeds should 
require 15 per cent separation. In addition, wheels are 
not accepted which show 10-node and 12-node, critical 
speeds that are appreciably close to that of turbine 
operation, although other requirements may have 
been met. 

The critical vibration speed may be readily adjusted 
through mechanical means. As mentioned in the note, 
following this article, the frequency of vibration may be 
raised by removing weight from the periphery of a disk 
or by increasing its stiffness. This resonant speed may 
be lowered by a similar adjustment in the opposite 
direction. 

In order to insure that the turbine wheels are pro- 
tected by ample margins of safety, a number of steps, 
involving assumption, design, checking and perhaps the 
redesign and repetition of the preceding steps are re- 
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forgings by serial numbers. 
strictly included. 

6. Standing vibration tests are then made for figur- 
ing the running resonant speed, and the wheel is tuned 
if necessary. One or two trials are usually sufficient to 
obtain the required vibration characteristics by tuning, 
though sometimes as many as five or six alterations are 
necessary. This necessitates a revision of the original 
drawing and corresponding alterations of all records 
and necessary calculations. In some instances the stand- 
ing vibration test confirms predictions from catalog 
records to such an extent that the running test is 
omitted. Ordinarily, however, this test is required. 

7. The seventh step consists of making complete run- 
ning vibration tests in the wheel-testing machine. From 
30 to 60 oscillograph films are taken, thoroughly indi- 
cating the behavior when running. If this should show 
undesirable characteristics, the wheel is then condemned 
and work begun again from the beginning. About 
18,000 such records have been taken, of which one-third 
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quired in their design and manufacturing routine, which 
are as follows: 

1. The bucket is first selected in accordance with 
thermodynamic requirements, from which the dovetail 
fastenings are determined. This at once fixes the di- 
mensions of the dovetail in the wheel, and therefore of 
the rim surrounding it. 

2. The general dimensions and contour of the wheel 
are then assumed with a view to anti-vibration charac- 
teristics. Reference is made to the records of wheels of 
similar bucket design and diameter. Two complete cata- 
logs are kept, showing the vibration characteristics of 
all wheels so far tested. In one, these are listed accord- 
ing to dimensions, while the other one contains a list 
indexed according to the turbines for tracing the record 
of any particular turbine or wheel. 

3. Calculation of stresses due to centrifugal force and 
a completion of the details of design are next in order. 

4. The resulting design is reviewed from two stand- 
points. Stresses must be satisfactory, and the wheel 
must suit the space and clearance requirements for the 
turbine. Either one of these check inspections may 
serve to condemn the design and require a new start 
from the beginning. 

5. When the foregoing have been satisfactorily con- 
cluded, a forging is selected and assigned. Each forging 
is examined for its physical properties by means of cou- 
pons, and for its uniformity by a magnetic survey of its 
entire structure, a complete record being kept of the 
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are preserved and available for quick reference. 
of special interest are added from time to time. 


APPENDED NOTE ON WAVE ACTION" 


The fluttering of fiags, waving of trees, and even the un- 
pleasant experiences of automobiling over a rough road are 
illustrations of vibration, endless varieties of which exist 
about us. As wind causes either slow waving or quick, 
violent fluttering of a flag, depending on whether it blows 
faintly or violently, so would stationary air tend to produce 
waving or fluttering in a thin rubber or steel disk, depend- 
ing on whether it were revolved slowly or fast. 

The thin disk, however, unlike a flag, is made of springy 
elastic material, and would flutter or vibrate even when not 
revolving provided it were struck with a hammer or sub- 
jected to a series of blows corresponding to any one of its 
natural periods of vibration. A circular saw, for example, 
of thin flat steel would tend to flutter, as shown at A, 
Fig. 13, if vibration were introduced by blows when stand- 
ing still or by the action of air friction, if rotated rapidly. . 

A method of preventing vibration in circular saws was 
evolved many years ago. This consisted of two processes; 
first, producing uniform internal stresses by carefully test- 
ing and then expanding the metal in spots with a flat ham- 
mer as required, and secondly, a method of dishing or cup- 
ping as indicated at B. In the latter case a peen hammer 
is used to produce the cupped shape. 

A saw four feet in diameter would require to be de- 
pressed about «; in. at the center. When properly adjusted, 


Films 


1In the foregoing article an excellent description of wave action 
and conditions incident to propagation is included. Space limi- 
tations would not permit this to appear in full, and it is felt that 
a brief résumé would neither do the author justice nor convey 
the desired information. This note is therefore appended, with 
the idea of covering these phases of the subject briefly. Many 


of the examples given are cited by Mr. Campbell in the original 
article. 
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the disk would then run in a true plane as indicated at C. 
Sawmill operation with these large saws is thus made pos- 
sible in spite of the natural tendency to vibrate or flutter. 
In the correction of a similar tendency in steam-turbine 
wheels other methods must be employed. 

Backward traveling waves are produced in a flag by 
the air. If there were no wind, however, and the staff 
were moved rapidly forward, the waves would then 
travel from the staff to the far edge. Similar vibra- 
tion in a rotating disk can easily be imagined as a back- 
ward traveling wave, resulting from the action of the at- 
mosphere, and also the springy elastic material of the disk. 
If an uncorrected saw should revolve at 500 r.p.m., the 


Stationary } 


Revolving 


Fig. 13—Twelve-node wave at A in saw eliminated at C 
by dishing as at B. Two surface traveling waves G and 
I meet and form stationary wave at H 


backward wave might rotate at 300 r.p.m. as measured 
from the disk. Although this would be termed a “back- 
ward” wave it would actually move ahead 500 — 300 = 
200 r.p.m. if measured from a stationary point. 

At A, Fig. 13, there are six bends or nodes to the left 
and six to the right, around the entire disk, which would 
be called 12-node vibration. If a stationary magnet were 
placed as shown, six of these left-hand bends would pass 
close to it in one revolution. Since the magnetism travels 
through the steel of the saw, the magnetic air gap would 
vary through six close gaps and six wide gaps in one 
revolution, representing twelve nodes or six complete cycles. 
If the magnet were connected electrically to an oscillograph 
in such a way that a curve could thereby be traced, show- 
ing the variation in distance between the saw and magnet, 
such a curve would show these high spots and wide gaps, 
as representing six complete cycles, for one revolution of 
the saw. If the backward wave travels 200 r.p.m. ahead 
with regard to stationary objects, the curve for one min- 
ute of operation would show 6 x 200 = 1,200 cycles, 

In speaking of waves on turbine disks, however, this 
would be termed a 12-node wave, rather than 6 waves per 
revolution. It would also be a 300 r.p.m. backward travel- 
ing wave, since its speed is spoken of as if measured from 
the disk itself and not from a stationary point. 

The term stationary wave does not mean one that does 
not rotate with respect to stationary objects. Rather, it 
refers to a wave that does not travel with respect to the 
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disk. It is really made up of two traveling waves going 
in opposite directions. 

Waves on water move away from the point wherein a 
stone is dropped; they are traveling waves. If two stones 
are dropped at a distance apart of, say, 10 ft., the travel- 
ing waves will pass through each other. The result would 
be a stationary wave, where the middle elevations remain 
stationary, but where crests lower into hollows and then 
rise to crests again without moving either toward the right 
or toward the left. 

In Fig. 13, oppositely traveling waves G and I meet 
“head on,” as at H. It will be seen that the crest heights 
are about doubled above the middle elevation or median 
line, and the hollows are also about doubled below. Points 
where this line intersects the traveling wave G move to the 
right, and similar ones in wave /, to the left. 

The median point J of the combined wave H, however, is 
stationary. Such points occur at quarter-cycle intervals. 
In the next quarter-cycle of time, the maximum of wave G 
will be above and the maximum of wave J an equal distance 
below. Their average or effective value is therefore the 
point J on the median line. The wave crests actually will 
not travel sideways in this case, but rather will move up 
and down between the median points. When a saw or 
turbine disk is subjected to one or a series of blows at the 
same place, stationary waves are thus set up, which really 
consist of two opposite and equal traveling waves, with the 
disk edge representing the median line. 

A standing wave shows the same sort of oscillogram on 
both magnets when the disk is not revolving. Suppose the 
moving magnet were attached so as to revolve with the 
disk. If rotated to 500 r.p.m. and the standing wave still 
persists unchanged, this magnet will show the same vibra- 
tion as before. 

The stationary coil, however, indicates differently. As 
the disk is first rotated slowly, the forward wave of the 
two that combine to produce a stationary one, will have 
its frequency increased. Suppose that when the disk had 
been vibrated, and the standing wave at any one point 
showed 300 cycles per minute, so that each complete cycle 
represents the forward wave traveling through two nodes, 
which is also one-sixth of the circumference. The entire 


six-cycle forward wave will then make 


6 = 
as will also the backward component wave. If the disk is 
given a forward rotation of 10 r.p.m., the forward wave 
will now register faster on the stationary coil, the speed 
then being 50 + 10 = 60 r.p.m. If the saw reaches 50 
r.p.m., the 6-node wave will go forward at 100 r.p.m. 

With the backward traveling component wave the re- 
verse will hold. As measured from a stationary point its 
speed will become less as the saw rotates faster. If the 
disk goes 10 r.p.m., the backward wave will show 50 — 10 
= 40 r.p.m. When the saw reaches 50 r.p.m., the backward 
wave will rotate at 50 — 50 = 0 r.p.m.; in other words, it 
will stand still with regard to the stationary coil. With a 
saw speed of 500 r.p.m. the backward wave would move 
ahead with regard to stationary objects at a speed of 
500 — 50 = 450 r.p.m. In turbine wheels, backward travel- 
ing waves, close to turbine speeds, which nearly stand still 
regarding stationary objects have proved to be principally 
responsible for fatigue failures. 

The question arises as to what would cause a faster 
traveling wave. Vibration depends to some extent on the 
elasticity of the disk. If it could be tempered harder and 
thus made stiffer, then shorter and quicker waves would 
result. Building the disk thicker with the same diameter 
would produce a stiffer structure, thus also giving a higher 
period of vibration. Another method of speeding up the 
vibration is to make the teeth of the saw thinner, or’ in 
other words, remove weight from the periphery. When 
vibrated mechanically, such as by a series of timed blows, 
variation in blow frequency will change that of the waves 
produced. 

Stiffening can be produced by heating the hub of a disk 
to a higher temperature than the periphery. The internal 
strain may be thus greatly increased. Also, if the disk 
were rotated faster, centrifugal force would increase and 
tend to build up a greater internal strain. Faster vibra- 


50 r.p.m., 


tion from this cause in turbine wheels is illustrated in the 
foregoing article. 


Waves may be slowed up, on the contrary, by reversing 
Thus, taking metal 


any of the aforementioned conditions. 
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off the sides of a disk, or thinning it in places, tends to the discharge endures for 0.007 — 0.65 0.01 sec. This 


reduce stiffness or increase flexibility, and therefore to 
lower the frequency of vibration. This method is used in 
adjusting the critical speed of a turbine wheel or tuning 
when desired to remove the resonant speed from operating 
speed. 

One more point should be considered. How does increas- 
ing the speed of vibration affect the number of nodes or 
high spots? Disks, if vibrated mechanically by a machine 
or series of timed blows, show first, the usual 4-node vibra- 
tion at the lowest and critical speed. At a higher rate the 
6-node critical appears, and at intervals the increased num- 
ber of nodes corresponding to their resonant speeds. Criti- 


cal speeds especially of four, six or eight nodes, should be. 


an appreciable interval from the operating speed of a tur- 
bine, as the backward wave here does not revolve in space, 


and may be easily magnified by the effects of operation so 
as to cause undesirable results. 


Spray Penetration 
By H. F. SHEPHERD 


No sooner do we evolve new knowledge of oil-engine 
working than some happily chosen word fastens itself 
upon us, seeming, as it does, to suggest a whole phi- 
losophy in a syllable or two. I wonder who invented or 
rather applied the word “penetration.” Much theo- 
retical guesswork has been written on the subject, and 
many useless experiments have been devised on its 
suggestion. 

Dealing now exclusively with the multiple orifice 
spray and the Diesel-type combustion chamber, used 
together in one form or another in so many modern 
engines, should not the word orifice, of itself, suggest 
a limiting condition? We are obliged to get the fuel 
into the engine within a limited angular movement of 
the crank, or perhaps in a limited period of time would 
define the condition better. A five-hole tip has been 
adopted as a standard for a rather broad range of sizes 
and a 4,000-lb. spray pressure seems to be as good as 
any for full load. With this pressure and with five 
holes in the tip, the length of the injection period being 
fixed, there must be some variable to allow for engine 
capacity. This variable is merely and simply the size 
of the holes. Of course there will be some pressure 
drop during delivery. We can limit that or control it at 
will. We will assume it constant for the sake of 
convenience. 

Let us consider a practical case. A commercial engine 
of record has a spray tip with five holes 0.020 in. 
diameter each. The area of each orifice is 0.000314 
sq.in. This engine consumes forty pounds of fuel per 
hour when delivering 100 brake horsepower at 380 r.p.m. 
For purposes of simplicity of exposition it will be as- 
sumed that the oil weighs 7.7 lb. per gal. The consump- 
tion is then 1,201 cu.in. of oil per hour or say 20 cu.in. 
per min. This is divided into 190 charges of 0.105 
cu.in. each, and each of the five holes discharges per 
injection 0.021 cu.in. of oil. 

Oil of this gravity will stand at a head of 2.5 ft. per 
pound of pressure. Neglecting compression, the head 
on the orifice will then be 10,000 ft. for a 4,000-lb 
pressure. Now 


V= V2gh= V/ 64.32 X 10,000, or 802 cu.ft. per sec. 

As stated before, each hole discharges 0.021 cu.in. 
through an area of 0.000314 sq.in. at each injection. 
This will be, theoretically, a stream .021—000314— 
67 in. long. Our theoretical velocity is 9,600 in. per sec. ; 
therefore the discharge at 4,000 Ib. pressure should take 
place in 67 — 9,600 = 0.007 sec., if the orifice coefficient 
is 100 per cent. At 65 per cent, which is nearer truth, 


time is quite normal as most experimenters will agree. 
The same check applied to a number of cases, in my own 


‘experience as well as reported experiments, yielded 


approximately like results. 

The next step in order was to investigate how 
thorough the penetration might be in engines, say of 
the Vickers type, once the required flow areas had been 
established. After pondering ways and means it oc- 
curred to me to try injection into water. Accordingly, 


the spray was set up in a glass jar, the walls of which. 


were about as far from the points of issue of the tip 
as were the points of spray impact on the piston of the 
actual engine. The jar was filled with water. The 
spray was thus operated in an atmosphere far more 
dense than the cylinder air at the end of compression. 
The oil struck the glass walls, which appears to con- 
tradict statements of other engineers regarding the 
calculated energy of drops introduced into the combus- 
tion chamber. I think the reason is that because we 


Fig. 1—Indicator diagram showing energy 
in an oil spray 


are not introducing drops but a column of considerable 
penetrating power. The indications of atomization 
are largely friction effects on the surface for the first 
few inches of progress. 

In order to get some idea of the energy remaining 
in the spray at a given distance from the orifice a single- 
orifice spray was rigged in such fashion that the jet 
issued upon a piston taken from a Hopkinson flashlight 
indicator. The motion of the piston was recorded by 
the regular Hopkinson mechanism which throws a beam 
of light on a photographic plate. The diagrams in Fig. 
1 show the effect of the impact at 3 in. range. A min- 
imum of 77 per cent of the energy was returned at 
1,200 lb. spray pressure, while 89 per cent was recorded 
at 4,000 lb. These diagrams were taken in the atmos- 
phere with a spray orifice 0.012 in. in diameter and 
0.025 in. long. Similar runs on holes 0.019 in. in 
diameter oscillated the instrument so violently that no 
accurate data were possible with the spring employed. 

If we do not really atomize the oil spray, what does 
happen? Further tests, spraying against a plate heated 
to a temperature approximating that of the piston 
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head when working at full load, told volumes. 
Had it been possible to heat the atmosphere above the 
plate to compression heat, the story would have been 
more complete. Most perfect and, to the eye, instant 
vaporization ensues upon the impact of the spray with 
the hot surface of the piston. 

These remarks apply particularly to the so-called 
solid-injection Diesel engine in which the oil is sprayed 
through a short range toward and against the piston. 
Penetration must be limited somewhat by a proper 
selection of the number of holes and the spray pressure 
lest the energy of the jets cause them to penetrate the 
air screen washing the walls of the combustion chamber, 
thus allowing the oil to strike the cold surface. In the 
case of some engines the distance to the hot piston 
is so great that penetration must be encouraged by the 
use of a single orifice of considerable length. 


Keeping Elevators in Safe 
Operating Condition 
By WARREN HILLEARY* 


There should be at least one inch, and preferably one 
foot, clearance between the bottom of the tension 
weights on the governor cable idler and the ground. 

On any type of elevator it is desirable that there 
should be at least four feet of clearance between the 
head beam of the car and the overhead beams when the 
car is at the top landing, and preferably, six feet. The 
greater this distance the less liability of the car striking 
the overhead beams and the less severe is the twisting 
effect on the cables at the point where they enter the 
clevis or other fastening device on top of the car. On 
machines of the hand-rope or lever-control type the con- 
trolling device in the shaftway and the cables must be 
examined; the tension weights must be in suspension 
so that there is tension on the cables. If the tension 
weights are found to be at rest, due to the stretching of 
the cables, they should be immediately placed in tension. 

The tension gear for the operating cable is frequently 
located on the overhead beams and consists of a lever 
with a weight attached to it, the lever resting horizon- 
tally. The weight must be secured in position by means 
of a setscrew, and the lever must be fitted with a 
U-clamp and chain, the latter secured to the overhead 
beams, so that, should the mounting for the lever break 
or the weight unship on the lever, the loose parts cannot 
fall down the shaftway. It frequently occurs that the 
turnbuckle, or the long-thread shackle, of one cable 
becomes loosened or one cable may stretch more than 
the other, thus making control uncertain and unsafe. 

All movable parts of tension devices, located overhead, 
must be anchored with safety chains or iron cables, for 
not infrequently these movable parts work loose and fall 
down the shaftway. These parts are sometimes so im- 
properly located that, should they get even slightly out 
of adjustment, the moving car or counterweight will 
strike them. 

An unsafe condition exists where counterweights are 
found with slotted ends, for the reception of the coun- 
terweight frame rods, and where there are no separate 
tierods through holes in the counterweights. 

_ The cleaning of elevator floors with water and wash- 
ing powders is probably unavoidable, but the washing 
solution leaks through the openings in the floor and 
reaches the safety and controlling equipment, corroding 


. *Superintendent, Royal Indemnity Company, New York City 
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them and in some instances making the safety equip- 
ment inoperative. Thus, it is seen that constant clean- 
ing and oiling of all the equipment under the car is of 
great importance. 

Mirrors and all other glassware should be eliminated 
from elevator cars, except that certificates of inspection, 
operators’ licenses, annunciators and electric lights may 
have glass covers and shades. Electric light shades 
should be constructed of wire glass or else a substantial 
wire protection of small mesh should be suspended 
immediately under the shades. 

Too little attention is paid to the fit between the shoes 
of both the counterweights and the car and their guides. 
These shoes should be kept in as near perfect order as 
possible, and when there is one-eighth of an inch wear 
in any direction, the shoes should be replaced with new 
ones unless they are adjustable. There have been in- 
stances where worn shoes permitted either the counter- 
weights or the car to leave the guide rails, with disas- 
trous results. 

Some safety devices having the drum under the car, 
will be found also to have a roller situated immediately 
under the drum and held in position by bearings sup- 
ported on four studs, the studs being equipped with 
springs, nuts and locknuts. It frequently happens that 
the nuts work loose, allowing the roller to move so far 
away from the drum that any considerable slack in the 
safety cable on the drum permits the cables to get out 
of the grooves, and then when an attempt is made to 
revolve the drum, when setting the safety, the displaced 
cable wedges between the drum and the car floor equip- 
ment, thus preventing the safety from setting. Since 
the nuts are not faced against any solid object, it is 
difficult to set the locknuts tight enough to keep them 
from loosening, and many operating engineers drill the 
studs both above and below the nuts and place a cotter 
pin through each hole. This is a desirable arrangement 
and insures the roller remaining in proper position and 
proper tension being kept on the springs. 

The cable ends fastened to the car and the ends fast- 
ened to drum counterweights, except when swivel sock- 
ets are used, should be cut off at least once in two years 
and resocketed, to guard against breaking of the cables 
at the socket so far as is practicable. It is expected that 
the cables, under the conditions and at the points men- 
tioned, may crystallize, although the remainder of the 
cable may be still usable and safe. It is desirable that 
the cut be made six inches above where the cable enters 
the babbitt, zinc or other fastening. 

Care must be exercised to keep the nuts and locknuts 
on the bolts in the movable perforated sleeve of the con- 
trolling valve on horizontal hydraulic elevators, properly 
tightened. In a number of instances one or more nuts 
have worked loose and dropped down into the automatic 
valve, where they were caught between the edge of the 
moving valve and the port. This prevented the valve 
from closing, and as the car continued to move, the 
result was the breaking of the cast-iron yoke which 
formed a part of the automatic valve chamber head, and 
also a part of the automatic valve gear. 

The method of lubricating the hoisting-cable sheave 
bearings and shafting by a single oiler or compression 
grease cup, located on the end of the shaft and communi- 
cating with an oilway through the center of the shaft 
and separate holes at right angles to this way, is not 
satisfactory because it does not insure lubrication of 
each sheave separately. It is advisable to have a sepa- 
rate compression grease cup in each sheave. 
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A Notable Piece of Research 


HAT all the precision of carefully calculated design 

sometimes fails to take into account lurking but 
dominant factors, is strikingly illustrated in the investi- 
gation into turbine-disk failures, as related in Mr. 
Campbell’s paper, abstracted elsewhere in this issue. 
It was this factor of disk vibration, setting of a train 
of backward traveling waves equal in speed to the for- 
ward speed of the wheel, that proved to be chiefly re- 
sponsible for the series of turbine failures which 
caused so much concern a few years ago. In a general 
way the tendency to vibration under certain conditions 
was recognized and mathematical analyses had been 
made by some turbine authorities, notably Stodola, but 
it was not until higher bucket speeds had been adopted 
and mechanical possibilities had been pushed to the 
limit to meet increased capacity that this type of vibra- 
tion became manifest with disastrous results. 

But calculations and theory proved totally inadequate 
to reveal the cause and indicate the remedy, and it 
remained for laboratory investigation to point the way. 
Fortunately, the great resources of the General Elec- 
tric Research Department were at hand, and expense 
and effort were not spared in the work. The whole field 
of disk vibration was explored, and the contributing 
causes, such as feathering action of the steam and 
pulsating forces causing resonant responses in the 
wheel, were ascertained. The work did not stop here, 
however, for all wheels in service that were thought 
susceptible to this dangerous condition were tested, 
some being brought back to the works for laboratory 
tests, and a portable machine was designed to facilitate 
periodical testing of wheels in position. 

It is regrettable that Mr. Campbell, who had such a 
large shar® in this investigation and who had thus 
gained such valuable experience in the turbine field, 
should have passed away within the last few days. 
His very remarkable paper, however, will remain as a 
monument to his work. 


Testing Turbine Oils 


NE fact stands out as a result of research up to 

the present time in turbine-oil testing; the com- 
plicated methods suggested are in many instances far 
beyond the reasonable sphere of the average operating 
engineer’s activities. Practical tests may easily be 
made to indicate the presence of an excess of acidity 
or animal fats, for example, but, on the other hand, 
processes characteristic of the chemical or research 
laboratory would be necessary in order to obtain a 
definite numeral representing the relative acidity or 
saponifying tendency. It seems as if the final result 
of standardization will be that testing processes will 
be practically unusable by the man in charge of an 
average plant. 


Oil is widely recognized to be of complicated chemi- 
cal structure. Difficulties in the way of accurate deter- 
minations are many, and methods thus far evolved are 
undoubtedly justified. It would seem that when oil 
tests have become satisfactorily standardized and many 
of the present difficulties overcome, some attempt should 
be made to provide more convenient testing methods, 
even if not so accurate. 

The engineer of the small plant, however, is not 
entirely without means of determining relative oil con- 
ditions which usually bring success in operation. 
Sludging, change of color and the presence of foreign 
matter tell the story of unsatisfactory conditions. Ex- 
perience can often dictate helpful changes in turbine- 
oil systems, such as lowering of operating temperatures 
and preventing contact with water. A few simple tests 
are available by which judgment may be assisted. 

There is apparently much room for progress in the 
practical determination of the value of a lubricant in 
relation to any given set of conditions, so that trial and 
experiment may be obviated. A means of measuring 
the degree of favorable or unfavorable conditions in an 
oil system, therefore, would seem a necessary part of 
the process for determining the fitness of a given oil. 


Benjamin G. Lamme 


N THE death of Benjamin G. Lamme the engineering 

profession has lost one of its ablest exponents. En- 
tering the electrical profession almost thirty-five years 
ago, when this science was still in an embryo state, his 
versatile personality and genius soon began to impress 
themselves upon the industry and continued to be part 
and parcel of electrical development until his death. 
The leadership that he developed so early in his work 
he demonstrated throughout his career. 

His contributions to the electrical art have been so 
varied that mention of the developments in which he has 
been prominently identified would appear like a history 
of the industry. There are certain milestones, however, 
that stand out and show his skill as an engineer in elec- 
trical development during the last thirty years. The 
design of the first generators used to develop power at 
Niagara falls on a large scale were his work. Previous 
to this the largest machines that had been built were 
only about one-tenth the size of the Niagara Falls units, 
yet many features introduced into these machines are 
practically standard today. In the design of engine- 
type generators his work reached its height of achieve- 
ment in the Manhattan-type units installed in New York 
City to supply power to the elevated and subway railway 
systems. About this time the steam turbine began to 


make its appearance as a prime mover, and Mr. Lamme, 
foreseeing its possibilities, turned his attention to the 
development of high-speed turbo-alternators. The crown- 
ing achievement in this field of development was the 
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62,500-kva. unit recently installed in the Hudson Avenue 
Station of the Brooklyn Edison Company, this unit 
being of approximately eight times the rating of the 
Manhattan-type machines and occupying much less 
space. 

In the railway field he has been associated with the 
development since its inception. Again in this branch 
of engineering his genius as a designer is demonstrated, 
in that today the modern railway motor bears a remark- 
able resemblance to that of thirty years ago. Working 
with Mr. Westinghouse, the development of the squirrel- 
cage induction motor was one of his greatest contribu- 
tions to the industrial field. 

Mr. Lamme, true to the highest ideals of his profes- 
sion, always stood for progressiveness, always willingly 
obsoleting his best work to make way for something 
more promising. He spent a number of his best years 
in developing and bringing up to a high degree of per- 
fection the direct-current engine-type generator only to 
turn around and make equally great effort in developing 
the twenty-five cycle rotary converter, and later the 
sixty-cycle rotary converter, which were destined to 
supplant to a large degree the engine-type direct- 
current machines. His work in obsoleting the engine- 
type alternator for the turbine-driven machine is 
another example of his progressiveness. 

His many literary contributions on electrical engi- 
neering and his almost unequaled faculty for presenting 
involved subjects in a clear, concise and easily under- 
stood manner would have easily made him an outstand- 
ing figure in his chosen profession. Back of all his 
genius, engineering and scientific ability was a great 
human sympathy and understanding which endeared 
him to all who made his acquaintance. 


Better Lighting 
in the Power Plant 


N ACCORDANCE with the popular movement for 

better lighting in homes, places of business and in- 
dustrial plants it is befitting that more attention be 
given to better illumination in power plants. Few 
plants have been designed and put into operation that 
have a well-worked lighting system installed, notwith- 
standing the fact that the company may be conducting 
an extensive campaign for better lighting in almost 
every place but its own power plants. Good lighting, 
whether in the home or the business establishment, has 
proved its economic worth, and everyone familiar with 
the subject agrees as to the many benefits to be de- 
rived from proper illumination. 

If power-plant operators are to be educated up to 
better standards of lighting in their homes and in places 
of business, it can hardly be expected that they can 
acclimate themselves very readily to a dark and dingy 
engine or boiler room. The fact that in industry faulty 
lighting has been responsible for about twenty per cent 
of the accidents and that a change from inadequate to 
proper illumination in manufacturing plants has re- 
sulted in increased production up to as high as twenty- 
five per cent, should be sufficient to demonstrate the 
importance of good lighting in the power plant. Al- 
though the output may not be affected by good lighting, 
it can have a marked effect on the morale of the at- 
tendants, which makes for high operating efficiency and 
reliability. Work in a power plant is more hazardous 
than that in many other industries, and every reason- 
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able precaution should be taken to reduce the hazard 
to a minimum. 

The possibilities of good lighting in power plants are 
not matters »f conjecture. Proper illumination has 
been tried in some plants for years and its benefits 
demonstrated. In a number of the more modern plants 
fairly satisfactory lighting arrangements have been 
worked out for the turbine or engine room, but many 
boiler rooms and other parts of the plants are still 
lacking in illumination that would make them pleasing 
places in which to work. 

It is apparently the consensus of opinion that since 
black coal is burned in the boiler room, everything else 
should be black. However, there are boiler rooms where 
a good part of the surfaces, especially those that reflect 
light, are painted white and in addition an adequate 
system of illumination installed; not only this, but these 
surfaces are kept white. Upon entering such a plant, 
one is at once impressed with the vast improvement in 
operating conditions over those where the older order 
of affairs is allowed to prevail and the lamps that are 
installed are not even kept clean. 

Many reasons have been advanced for the wide dif- 
ference between the average operating efficiency of 
steam plants and the test efficiency, all of which no 
doubt are contributory, but improper illumination can- 
not be overlooked as an important factor. If those 
who are responsible for working conditions are not 
sufficiently interested to provide attractive surround- 
ings, those who do the work can hardly be blamed for 
neglect and lack of interest in operating efficiency. It 
may be only a coincidence, but one of the best-illumi- 
nated plants in this country is also obtaining the best 
operating results, even though lighting is only one of 
the contributing factors. 


Oil-Engine Operators 
Need An Association 


NE of Power’s subscribers who is in charge of a 

power plant containing three Diesel engines has 
written to the editor that there is a need of some sort 
of association where Diesel engineers could exchange 
ideas and experiences. As he puts it, meetings of the 
several operating engineers’ associations are devoted 
almost exclusively to the discussion of stearh-engineer- 
ing problems. 

With the million and a half horsepower of oil engines 
in operation in this country there is indeed a vital need 
of some such organization. The one influence that 
might work against its successful functioning is the 
wide distribution of these engines. It would be un- 
feasible, if not impossible, to draw together any large 
percentage of the engineers, for this would entail too 
much train fare and time. The solution may lie in the 
formation of an association having regional or district 
meetings. Through these district meetings operators 
in a particular part of the country who necessarily are 
confronted with the same problems, could thrash out 
their difficulties. 

A number of engineers have heretofore raised this 
issue, and it would be interesting, if indeed not helpful 
toward the organization of such an association, to learn 
what the readers of Power who are in charge of or 
concerned in the development of the oil engine, think of 
the idea. 
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Placing Operating Results on Blackboard 
Stimulates Interest Among Firemen 


Some time ago we started a system in our plant with 
a view to working up competition among the firemen 
and thereby promoting better efficiency in the boiler 
room. A blackboard is mounted in a convenient place 
in the firing aisle, and each morning the results of the 
previous day’s operation are put on the board, as 
shown in the table. The steam output on each shift is 
computed from the steam-flow charts, and the evapora- 
tion per pound of coal is determined by dividing this by 
the pounds of coal used per shift. 

The man on the day shift has a little advantage over 
the others, as the load is heavier during the day than at 
other periods. In addition to three generating units 


TABLE SHOWING RESULTS OBTAINED BY EACH FIREMAN 


Fireman Fireman Fireman 24-Hour 
oO. oO. No. 3 Daily 
8 a.m. "oe. 12 m. Average 
Date to 4 p.m. to 12 m. to 8 a.m. 
~ ~ ~ ~ ~ 
No. | 3 es & 3 
Monday. 8.5 11.5 525 7.3 12.4 500 7 11.2 475 7.6 11.7 500 
Tuesday........ .. 8.5 11.7 510 7.4 13.3 495 7.4 13.5 485 7.7 12.8 496.6 


with a total capacity of 1,025 kw., our plant equipment 
includes a large air compressor and two ice machines of 
180 tons capacity. The boilers are Stirling type, stoker 
fired. 

The use of the blackboard has stimulated interest 
among the firemen, and the efficiency of our boiler plant 
has been considerably increased. The figures in the 
table showing the evaporation and the CO, are a good 
indication of the results we are getting. 


Mounds, Ill. D. N. BAKER. 


It Pays To Do Your Best 


Wishing to have my pay raised, I approached the 
manager on the subject, and he informed me that he 
had never paid a fireman as much money as he was pay- 
ing me and that he could replace me for twenty-five 
dollars a month less. This hurt my feelings somewhat, 
and I went back to the boiler room rather discouraged, 
yet planning how I could command more pay. My only 
hope was to improve in my ability, and then if I was 
refused an increase in pay, I could go elsewhere to get it. 

At that time I was more or less indifferent with my 
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work and was probably more of a coal heaver than 4 
fireman. I realized that I had waited rather late in life 
to study and improve in my earning ability, as my age 
and responsibilities prevented me from going to an engi- 
neering school, and that if I was to make good, I would 
have to do my best with what knowledge and material 
I had at hand. 

I first made a thorough inspection of the plant and 
made a list of things I needed to cut down the fuel bill. 
I took this list to the manager and explained the neces- 
sity of certain changes. He replied by saying that they 
changed firemen every year and each fireman had nu- 
merous things to be changed or installed, and while the 
things which I suggested might be used to a good 
advantage by me, the next man in my place would want 
something different. He did say, however, that if I 
could improve on any of the methods now in use, he 
would consider my results and be more willing to co- 
operate with me in any improvements. I was somewhat 
discouraged at first, but soon realized that he was right. 

After spending some time reading and studying 
articles on boiler operation and analyzing the condition 
of my plant, I was ready to start my campaign for 
improvement. 

I first got the bills of several years’ fuel supply, which 
averaged $4,280. I then set out to reduce this by check- 
ing up on everything that was connected with the cost 
of operation. After determining the cost per day under 
present conditions, I wanted to see what could be done 
in the way of reducing the coal consumption. I started 
by paying particular attention to cleaning the flues and 
boiler shell, also stopping all leaks in the boiler setting. 
Wishing to know what improvements would be made in 
the draft by stopping the leaks in the setting, I made a 
draft gage by heating and bending a gage glass and 
connected it to the boiler breeching. After stopping all 
leaks, I found that with the same furnace conditions as 
formerly, the draft was practically 50 per cent better. 

I also discovered that there was considerable varia- 
tion in the draft on two of the boilers and found that 
this was due to the breechings from these two boilers 
entering the main flue directly opposite each other. In 
addition to this there were three right-angle bends in 
the breeching of one of the boilers. As it would cost a 
considerable sum to make the necessary alterations, it 
was out of the question to have it done then. 

Nevertheless, I drew plans of things as they were and 
of the changes I considered necessary and put them on 
file until a more opportune time to approach the 
manager. 

With the improvement that had already been made in 
the draft, I could carry a better fire with less smoke, so 
I turned my attention to improving my methods of fir- 
ing. The first step in this direction was to provide a 
means of observing the condition of the fire at all times. 
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In order to do this, I cut a hole in the rear wall of the 
settings a few inches below the bottom of the boiler 
shell. In this hole I placed a 4-in. pipe 22 in. long and 
cemented around it with fireclay. The end of the pipe 
was allowed to project outside of the wall about an inch, 
and on this end I fitted a circular glass A and a tin 
cover B, as shown in the illustration. This made a 
removable window that could be easily cleaned and 
replaced and yet make an airtight joint. 

I was now able to study the action of the burning 
fuel, and after each firing when I was quite sure that 
the fire was burning brightly, I went around to the rear 
to see what was taking place, making such changes in 
the damper setting or admitting more air above the 
fire as appeared necessary. 

After I had experimented for some time with differ- 
ent methods of firing and had observed the conditions of 
my fires by walking around to the rear of the boiler, I 
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Periscope arrangement permits observation of furnace 
conditions 


devised a periscope arrangement whereby I could see 
the conditions of the fire while in front of the boiler. 

The periscope was made of two mirrors about six 
inches square placed at right angles to each other and 
spaced so that one would be directly in front of the pipe 
while the other extended a few inches beyond the side 
wall of the setting as shown. 

The board on which the mirrors are placed is sus- 
pended by two wire slings about two feet in length. 
This permits swinging the shelf out of the way if neces- 
sary to view the fire directly through the pipe. The 
mirrors were fastened to the board by nailing a strip of 
wood on each side. Care should be taken when locating 
the mirrors on the board, as much depends on getting 
these properly set. Probably the simplest way to do 
this is to lay out the lines representing the lines of 
vision and then locate the mirrors so that the angle x 
equals the angle y. 

The periscope proved to be a valuable aid in regulat- 
ing the depth of the fire and the proper amount of draft 
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on the furnace, as I could observe the furnace condition 
at all times without opening the furnace door. 

My knowledge of firing led me to keep the furnace full 
of flame with a small tint of smoke in it, which was 
clearly seen through the glass, the tint of smoke indi- 
cating that I was not admitting too much air. Also, I 
could tell exactly when to fire and how much draft was 
needed. I could use a certain coal or mixtures of coals 
of different grades and get equal results. This was im- 
portant as we often had to change coals for various 
reasons. In addition I could tell when there was a 
clinker or a portion of the fire through which air was 
not passing; I could also govern the amount of coal I 
fired at one time so as not to make much smoke. A brief 
outline of what I learned by the glass to be the best 
methods of firing and banking follows: 

When starting a fire, I use the best coal first. This 
forms a good bed on which small-sized coal can be 
thrown without falling through the grates. By doing 
this until the fuel bed is well coked, I am able to get 
good results and burn up a lot of fine coal that otherwise 
could not be used. After the fire is well under way, I 
fire every few minutes with a small shovelful of coal, 
which I spread the full length of the grates and about 
one-third the width of the furnace. By firing in this 
way the gases given off by the fresh coal are consumed 
by the clear burning part of the fire. 

I have been able to save considerable fuel by simply 
watching my fires near quitting time and having them 
thin and level. When it is time to bank the fires I push 
back the live coals to the bridge wall, allowing the ash 
and clinkers to remain on the grates. I then close all 
dampers and drafts, for there is practically no volatile 
left to be driven off. In the morning the ashes and 
clinkers are removed from the front portion of the grate 
and the banks evenly spread over the whole surface. By 
banking the fire in this manner I can save 100 to 150 lb. 
of coal each night and have cleaner flues in the morning 
than when green coal is used in the bank as was 
formerly the practice. 

After the plant had been operating for some time 
under these improved conditions and considerable sav- 
ing had been made in our fuel bill, I was called to the 
office to have my previous suggestions reconsidered. I 
went with drawings, figures and suggestions, practically 
all of which were approved. In addition I was given a 
10 per cent increase in salary and a certain percentage 
of the savings. 

Wanting to further improve my boiler operation, I 
purchased a CO, instrument to serve as an additional 
check on my method of firing. When using the instru- 
ment, I always observed the condition of the fire and 
the flame through the periscope, and in this way I was 
able to improve my general boiler operation to a still 
greater extent. 

What I have stated is only an outline of the benefits 
that I have accomplished from my experiments and 
efforts to improve the efficiency of my boiler plant, but 
it has given me the confidence and experience that will 
enable me to take on a larger plant on similar conditions 
where larger savings are possible. It has also earned 
for my employer and myself a nice bonus, as the fuel 
bill for last season was less than $1,780 and there are 
prospects of this being reduced still further. In con- 
cluding I will add that what I have accomplished is 
within the reach of the average fireman if he is willing 
to reach for it. C. RYE. 

Winnipeg, Man., Canada. 
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Comments from Readers 


“The First Steamboat”’ 


I read, in the April 15 issue, the newspaper article 
entitled “The First Steamboat.” In matters of this 
kind power men do not rely very much upon the daily 
press for historical records on things mechanical, and 
while this article may be described as fairly accurate 
as a whole, some details are misleading. In decrying 
the pioneer work of Fulton, the American, the follow- 
ing statement is made: “The previous year (1789) 
William Syminton had a boat on the River Carron in 
Scotland, equipped with engines built by the Carron 
Iron Works Company.” This statement is somewhat 
misleading, as William Syminton, beyond making the 
engines for the first successful steamboat, had nothing 
to do with the matter, and to assert that the Carron 
company built the engines is a serious injustice to this 
clever engineer. Also, the River Carron, wherever that 
may be, was not in the picture. 

The first successful steamboat was built by a Patrick 
Miller, who was a pioneer shipbuilder, the engines, as 
mentioned, being built to Mr. Miller’s order by Symin- 
ton in Edinburgh, Scotland. The boat was removed to 
Dalswinton Lake, and it was on Oct. 14, 1788, that the 
first successful trial was run and was heralded as a 
new and mighty power, and was no doubt, as claimed, 
the forerunner of steam navigation. On board this 
boat was a passenger named Alexander Nasmyth, father 
of James Nasmyth, of steam hammer fame, and in his 
biography the matter is fully dealt with, and a sketch 
of the boat by Alexander Nasmyth is given, while the 
original engines are preserved in the South Kensington 
Museum, London, as the engines of the first steamboat, 
and may be seen by anyone interested. 

It is quite true that long before this various attempts 
had been made for the mechanical propulsion of ships, 
but none appears to have been successful, although 
some credit is certainly due to several others besides 
Patrick Miller, as he frankly admitted that Syminton 
was the first to suggest steam engines as a method of 
propulsion. F. P. TERRY. 

Belfast, Ireland. 


Effect of Excess Air on Flue Temperatures 
and on Efficiency 


The curves given in A. Kristian Bak’s article on 
the “Effect of Excess Air on Flue Temperatures and 
on Efficiency” in the April 22 issue, will be of great 
interest to plant engineers. 

As stated, the curves apply only to the particular 
boiler and setting on which the tests were made: they 
also hold good only for a particular coal, for any con- 
siderable variation in the fuel composition will upset 
the CO, readings. When working in power stations, 
I have often thought that such curves correlating boiler 
efficiency, CO, per cent, stack temperature and excess 
air would be of great assistance to the engineer in 


charge. As the coal analysis usually varies but little 
from month to month, one accurate test should estab- 
lish the relations for a particular boiler, and the only 
additional equipment to the usual standard would be 
the thermocouple in the stack. Any marked divergence 
from the standard curves would immediately indicate 
something wrong with the instruments, with the coal, 
the draft, or the firing, or that the boiler should come 
off the line for cleaning. The curves also show what 
saving can be effected by air preheating, especially with 
such boilers as the Scotch-marine type, in which the 
efficiencies are 10 to 15 per cent below that of the 
modern power-plant boiler. 

Readers will probably have observed that Figs. 3 and 
5 are almost exact mirror reflections of Figs. 2 and 4; 
the latter curves, in fact, would have been quite suffi- 
cient, as examination will show that the excess air 


ratio n follows almost exactly the law, n = G5: 


which shows that with perfect combustion the boiler 
could not carry more than 18 per cent CO,. Prof. 
R. H. Smith, in his book “Boilers, Economizers and 
Superheaters,” after examining a large number of 


British bituminous coals gives the rule n = one 
However, the figure to suit any particular coal may be 
arrived at quite simply and with sufficient accuracy in 
the following manner: Assuming a British coal of 
composition C = 80 per cent, Hydrogen 5.15 per cent, 
Oxygen 5.6 per cent, and neglecting sulphur, ash and 


moisture, the hydrogen available for heating (x —3) 


= 4.45 per cent and the ratio “- = 0.0556. Mul- 


tiplying this by the ratio of the heating values of 
= 8.625), we get 0.22. 

If coal were all carbon and just enough air supplied 
to give complete combustion, we should get n = oO 

The CO, is increased in the ratio 1:1.22 because the 
hydrogen forms water which does not appear in the 
gas analysis, and as we have increased carbon (on the 
fuel) in this ratio, we must increase the CO, in the 
same ratio. 

For this particular coal then— 

21 _ 17.3 
= 122 x CO, CO, 

Mr. Bak made no actual measurements of the excess 
air supplied, but an analysis of the coal must have been 
raade to obtain the excess-air ratio, and if this had been 
given it would have been interesting to compare the 
figure obtained from the curves with the empirical rule 
herein given, which may prove of use to readers of 
Power. B. MURDELL THORNTON. 

Newcastle-on-Tyne, England. 
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Why Should the Bearing Not Be 
Set Level? 


Referring to Pierre Willet’s article in the May 27 
issue on leveling engine bearings, the sag of the engine 
shaft from the weight of flywheel and generator arm- 
ature is well recognized, but the expedient of tipping 
the engine frame or, perhaps more likely, planning the 
main bearing seat and cap to this slope is less usual, 
as the babbitt bearings are usually scraped in to allow 
for this or the bearing shells have enough clearance to 
swing and adapt themselves. I know of one large tan- 
dem-compound Corliss, 1,500 hp., on which this was 
not done and the main and outboard bearings ran hot 
until the chief engineer, an old marine man, had the 
bottom liners taken out and the two outer of the three 
bearing strips planed off so that the liner could tip on 
the center one and adapt itself to the slope of the shaft. 
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Illustrates shaft deflection (exaggerated) 


Of two engines for which I have the complete data 
at hand, I have figured the shaft deflection and stress 
due to the dead weight of flywheel, etc. The first of 
these was a 500-hp. simple belted Corliss with rather 
short, large shaft and belt wheel with comparatively 
thin rim. This showed a calculated deflection of only 
0.0015 in. and a stress of 1,250 Ib. per sq.in. The other 
was a 400-kw. cross-compound high-speed Corliss, direct 
connected to a three-phase 60-cycle 2,300-volt generator 
and, to allow of belting to an exciter from the engine 
shaft and to shift the alternator stator to one side 
to work on armature coils and revolving field, had a 
rather long shaft. This showed a deflection of 0.029 in. 
with a maximum stress of 3,700 lb. per sq.in. Since 
the shaft was approximately 10 ft. long, this could give 
an average slope on each side of 0.006 in. per foot, 
but as the curve of deflection is approximately a para- 
bola, the slope at the ends will be double this or 0.012 in. 
per foot, an amount that could readily be detected by 
a level sensitive to a tissue paper or 0.0015 to 0.002 in. 
under one end. 

From the theory of beams, shafts made of the same 
material and stressed to the same degree will have 
deflection directly proportional to the square of the 
length and inversely proportional to the diameter, so 
that it may be seen that if a shaft of, say, 13 in. 
diameter and 86 in. between bearings will carry a load 
of 20,000 lb. with a deflection of 0.0015 in. and a stress 
of 1,250 lb. per sq.in.; yet if the same diameter shaft 
be lengthened to 172 in. and the load reduced to 10,000 
Ib., the stress will still be 1,250 lb. per sq.in., but the 
deflection will now be 0.006 in. and, if it can be con- 
ceived that the shaft should be made 258 in. long and 
the load reduced to 6,667 Ib., the stress would still be 
1,250 Ib. per sq.in. but the deflection would be 0.035 in. 
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Or, expressed in terms of common experience, the shaft, 
while amply strong, becomes too whippy or springy. 

It is probable that in slower-speed speed engines at 
any rate the shaft deflection continues as the shaft 
revolves, so that the shaft is bent back and forth at 
each revolution. This is the standard method of test- 
ing materials for fatigue or the crystallization point, 
and it has been found that as long as the greater stress 
does not exceed a fraction of the elastic strength of 
the material, which is usually greater than the stress 
used in designing engine shafts, this bending back and 
forth for a very large number of times, 10,000,000 to 
100,000,000, will have no bad effects on the material. 

I agree with Mr. Willet that the most satisfactory 
way of setting up an engine is to have the leveled parts 
level and then, if the bearings need shimming or scrap- 
ing in, conduct this as a separate operation. 

New Haven, Conn. H. D. FISHER. 


Connecting Up Power-Factor Meters 


Commenting on the article in May 20 issue, “Con- 
necting Up Power-Factor Meters,” it appears that a 
little more detail and explanation would be beneficial, 
as the information given applies specifically to the 
three-phase meter, apparently of the moving-vane type, 
although a resistor should be shown in the center po- 
tential leg to make it exactly balanced. Two resistors 
are used with the two-coil dynamometer type meter, and 
with two-phase meters of both types. 

The interchanging of the two ungrounded leads in the 
two-phase meter will throw the deflection off 90 deg. 
in addition to causing incorrect phase rotation in the 
meter. The two-phase meter, however, is practically 
obsolete, as one or two single-phase meters are prefer- 
able in this measurement. 

These instructions also do not apply to the three- 
phase single-current and potential-coil meters, which 
are in reality only single-phase meters with a split- 
phase resistor-reactor but with the pointer advanced 
30 deg. to read three-phase power factor. 

The last paragraph is the test for correct phase se- 
quence and not for connections. For example, there are 
11 incorrect connections and 1 correct one for a three- 
phase meter, these incorrect connections being caused 
by reversed current transformer, current transformer 
in wrong phase and wrong phase sequence. 

The correct way to check three-phase connections is 
as follows: 

1. If the meter is of the limited scale type, figure 
out the power factor from the voltmeter, ammeter and 
wattmeter readings, or the kilowatt and reactive kilo- 
watt-ampere readings and see that this value falls 
within the scale range. 

2. Check mechanically, if at all possible, and see 
that the current transformer is connected to the same 
leg that feeds the common voltage. 

3. If deflection is in the lower part of the scale in 
360-deg. type or pointer against the bumpers in limited- 
scale type, then reverse current-transformer leads. 

4. Test for phase rotation by partly short-circuiting 
the current coil and noting that the pointer moves 
toward the lag direction, as stated in the previous ar- 
ticle. 

These instructions do not apply to the two-wattmeter 
type power-factor indicator nor the wattmeter-reactive 
component type indicators of the pantograph or the ball 


types. Victor H. Topp. 
Summit, N. J. 
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Notes on Making Screwed Pipe Joints 


The reading of the article entitled “Notes on Making 
Screwed Pipe Joints,” by E. Andrews, in the June 3 
issue, suggested to me that the rehearsal of some of my 
experience with this work may be helpful to those not 
especially familiar with pipe fitting, but whg are called 
upon from time to time to do some replacement work 
and possibly small portions of new installation. 

Expert information is not claimed for what is to 
follow, but its use has proved satisfactory in actual 
practice, and it is written here for what it may be 
worth to others. 

Mr. Andrews’ statement, “After threading a pipe, it 
should be possible to screw the fitting on by hand only 
about two threads,” I believe from personal observation 
of joints thus treated, is not good advice. This method 
will make a tight joint on small pipe, but on 1-in. pipe 
and larger the tightness will be only temporary, es- 
pecially on lines where considerable vibration or ex- 
cessive expansion and contraction conditions are present. 

The table given herewith for the number of threads 
a fitting should be screwed on by hand followed by a 
wrench are not theoretically correct, but I have found 
them satisfactory in actual practice: 


SIZE OF PIPE.AND NUMBER OF TURNS FITTING SHOULD BE 
SCREWED ON 


Pipe Size Turns by Hand Turns with Wrench 
lin. 44 3} 
2in. 4} 4 
3in. 5 44 
4in. 6 4) 
5in. 64 5 
oin. 7 5 


The increase in pipe size by one-half inch from 1- to 
4-in. is not given, for the turns as indicated will work 
out satisfactorily. The table applies more especially 
to low- and medium-pressure work. 

When two threads are all a fitting can be screwed on 
by hand, forcing with a wrench will in many cases 
produce a leaky joint from the start, for the following 
reasons: 

When the average quality of cast-iron fitting is used, 
frequently a fitting will be found cracked when the 
pressure is applied; if not at once, soon afterward, 
due to expansion in high-temperature lines. If mal- 
leable fittings are used, they will stretch and leaks will 
develop. I have proved both of these statements. 

Threading machines usually have marks or lines on 
the stock and also on the dies to indicate the proper 
setting. When these lines coincide, the dies are sup- 
posed to be in the position to insure a standard thread 
for the pipe size indicated, with one cutting. This 
setting will work all right on standard pipe with a new 
thin model die; however, I prefer to make two cuts 
to produce the finished thread, even with good sharp 
dies and particularly so with dies that are dull. Liberal 
use of lard oil is also essential when cutting threads to 
insure a good thread and prolong the life of the dies. 

Given sound fittings, clean-cut threads and the joint 
properly made up, no “dope” will be required to pro- 
duce tight work; however, a little graphite and oil or 
graphite pipe-joint compound brushed over the threads 
will facilitate making up the joint, and whenever it 
may be necessary to dismantle, the joints can be broken 
more easily. 

When existing pipe lines need repairs or changes and 
no flanges or unions are near, the portion to be removed 
may be cut out and with the use of a ratchet stock 
the remaining ends threaded in place and flanges or 
unions used for connecting up the new work. 
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When this work is being done, make sure that the 
portion of the line to remain in place is securely braced 
during the cutting and threading process. If this is 
not done, leaks are likely to develop at the joints in the 
old line. 

The same precaution should be taken when making 
repairs to lines that have been in use for a considerable 


length of time. A. K. VRADENBURGH. 
New York City. 


Fire and Water Tubes Used with 
Return-Tubular Boilers 


I was interested in the article in the Feb. 19 issue 
describing the experiments carried out by Mr. Lippin- 
cott, of the Keller Boiler Co., on the circulation of water 
in the horizontal-return-tubular boiler. If his theory is 
true, there is no advantage in spacing the tubes farther 
apart in the center in this class of boilers. In my 
opinion they do not steam any better than the boilers 
built thirty years ago, where all the tubes were an 
equal distance apart. The size of the tubes is an im- 
portant detail in fire-tube boilers. Personally, I would 
not buy boilers with 4-in. tubes. A boiler with 3-in. 
tubes will beat them every time, if properly cleaned. 

I have had considerable experience with three return- 
tubular boilers, two of 1,500 sq.ft. and one of 1,250 
sq.ft. of heating surface. One of the 1,500-sq.ft. boilers 
has seventy 4-in. tubes, the other one hundred 33-in. 
tubes. The 1,250-sq.ft. boiler has one hundred and six 
3-in. tubes and is much the best steamer of the three. 
Now I believe the chief reason the boiler with the 
larger tubes does not steam well is because the gases 
are not broken up into a small enough stream for a good 
heat transfer. Also, it seems to me there is too much 
propaganda about riveted joints exposed to the furnace 
heat. I know a return-tubular boiler in actual service 
for thirty years, that has never had a leak in the 
seams. If the boiler is kept clean and free from mud 
and scale and the feed water is reasonably clean, I fail 
to see how the joints will be affected by the heat. The 
same applies to the tubes of a water-tube boiler. 

Now here’s a question I should like someone to an- 
swer through the columns of Power: Does the water 
in the upper drum or drums of the water-tube boiler 
increase in temperature after leaving the water tubes 
until it passes into the tubes again? I don’t see how 
it can. 

Again, suppose we take the return-tubular boiler and 
circulate the water over the fire tubes at the same 
rate that it passes through the drum of the water-tube 
boiler. Would not this increase its steaming from 5 to 
10 per cent? Water tubes under a fire-tube boiler will 
no doubt help circulation, but here we rob Peter to pay 
Paul. I am of the opinion that the steaming capacity 
of a return-tubular boiler can be greatly improved by 
getting a rapid and positive circulation through the 
shell of the boiler. I should prefer a boiler that will 
make steam as fast as the water-tube boiler and have 
the holding up quality of the return-tubular boiler. 
This I believe can be done. 

I expect to show in Power a design of boiler embody- 
ing some of these features as soon as patent pending 
is granted. Many believe the steam boiler has reached 
its highest efficiency. Perhaps it has, but I still think 
there is considerable room for improvement particu- 
larly in the return-tubular type. W. W. GILLETTE. 

Gloversville, N. Y. 
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Vertical Circulation Space Between Fire Tubes 


For what reason is a vertical row of tubes left out 
in the center of a horizontal return-tubular boiler? 
G. R. L. 

The purpose of omitting a central row of tubes is to 
provide a central vertical circulation space over the 
hottest part of the fire to induce a concourse of steam 
bubbles. Strong descending currents nearer the shell 
supply the water necessary to continue the vertical 
circulation. If the channel through which steam bub- 
bles rise is too narrow, the circulation is arrested and 
the disengagement of steam is less uniform, commonly 
resulting in agitation of the water to such an extent 
that it is productive of perceptible vibration of the 
boiler and connections. 


Weight of Coal in Storage Pile 


How can an estimate be made of the number of tons 
of coal in a coal storage pile? W. H. M. 


Storage piles of commercial sizes of anthracite vary 
in weight from 58 lb. per cu.ft. in the larger sizes to 
about 54 Ib. per cu.ft. of buckwheat. Piles of free- 
burning bituminous coals weigh about 56 lb. per cu.ft., 
and storage piles of the lighter Middle West coals weigh 
about 49 lb. per cu.ft. Variation in weight of different 
grades of coal is not due solely to the specific gravity 
of the solid coal. The weight of a given bulk depends 
largely on the quantity of surface moisture, the propor- 
tions of coarse and fine sizes, and the amount of shak- 
ing or settling as the coal is delivered or as stored. As 
ordinarily handled and piled, it is customary to allow 
about 36 cu.ft. of bulk per ton (2,000 lb.) of anthracite 
and 40 cu.ft. per ton of bituminous coal. 


Hunting of Shaft Governor 


What causes a shaft-governed engine to speed up 
and hunt? W. L. C. 


Racing and hunting may be due to friction of the 
governor parts. When this is the cause, the weights 
will stick in their inner position until the speed devel- 
oped is so high as to throw them out with a noise; or 
when the engine is above speed they will stick until the 
speed is reduced enough for the springs to draw them 
back again. Hunting or racing would also result if 
the weight force and spring force are unbalanced, and 
rapidly alternate. If the hunting persists after the 
governor parts and connections are perfectly cleaned 
and lubricated, the remedy is to give less tension on the 
springs to decrease their sensitiveness and change the 
weights to get the correct speed. When hunting is 


caused by spring tension alone, the changes in speed will 
be rapid and even. 


POWER 


ae 
-p 


NSWERS.| 


Conducted by Franklin VanWinkle 


Vol. 60, No. 3 


Exhaust Lead of Slide Valve 


What is exhaust lead on a slide-valve engine, and how 
is it measured ? H.A. 


When the crank is on the dead center, the distance 
a valve is open is called lead. Although the term is 
more commonly confined to the distance a valve opens 
a cylinder port of an engine, for the admission of sup- 
ply steam when the piston is exactly at the end of 
its stroke within the cylinder, the distance that the 
exhaust edge of a slide valve has uncovered the exhaust 
edge of the port when the piston is at the end of the 
stroke, is known as the exhaust lead. To find the 
exhaust lead of a D slide valve for either end of the 
cylinder, place the engine at dead center on the end 
for which the lead is to be measured and make a mark 
on the valve seat at the end of the valve. Then remove 
the valve from its seat and measure the distance from 
the same end of the valve to the exhaust edge of the 
valve. The difference between this measurement and 
the distance from the mark previously made on the 
valve seat to the exhaust edge of the cylinder port will 
be the amount of exhaust lead. 


Loss of Economy from Generation and 
Use of Wet Steam 


When steam at the pressure of 100 lb. gage contains 
4 per cent moisture, what per cent less heat is required 
for generation of the steam from a feed-water tempera- 
ture of 180 deg. F., and how much less efficient is the 
wet steam for use in an engine? W. L. C. 


The total heat in a pound of dry saturated steam at 
the pressure of 100 lb. gage, or 115 Ib. per sq.in. abso- 
lute, is 1,188.8 B.t.u. above 32 deg. F., of which 309 
B.t.u. is the heat of the liquid and 879.8 B.t.u. is the latent 
heat of evaporation. When 4 per cent of the wet steam 
is moisture, the total heat per pound would be the heat 
of the liquid plus 100 — 4 — 96 per cent of the latent 
heat of evaporation, or 309 + 96 per cent of 879.8 = 
1,153.6 B.t.u., which is 1,188.8 — 1,153.6 = 35.2 B.t.u. 
less than required for generation of a pound of dry 
saturated steam. Since the generation of a pound of dry 
saturated steam at the given pressure, 115 lb. absolute, 
from feed water at the temperature of 180 deg. F. would 
require 1,188.8 — (180 — 32) = 1,040.8 B.t.u., the 
generation of steam at the same pressure but containing 
4 per cent moisture would require 35.2 & 100 — 1,040.8 
= 3.47, or about 33 per cent less heat per pound. 

In reciprocating engines no reasonable variation of 
moisture content at the throttle has appreciable influ- 
ence on the dry-steam consumption. The water remains 
inert, neither helping nor hindering. Therefore steam 
containing 4 per cent of moisture, as supplied to the 
cylinder of an engine, would be 4 per cent less efficient 
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“han the same weight of dry saturated steam. Since the 
heat required and consequently the cost of generating a 
pound of the wet steam is 33 per cent less than for a 
pound of dry saturated steam, and the value of the wet 
steam used in the engine is 100 — 4 — 96 per cent as 
great, the cost of generating and using the wet steam 


would be 2085 as much, that is about 4 of 1 per 


cent more, than if dry saturated steam were generated 


in the boiler and used in the engine. This, however, is 
without taking into account somewhat greater losses 
from condensation in conveying wet steam in place of 
dry saturated steam from the boiler to the engine cylin- 
der, or crediting the heat recovered in water returned 
by a separator in the steam supply line. 


Interlocks on Elevators 


On elevators what are the interlocks and for what 
are they used? W. H. 


Interlocks are mechanical devices that require that 
the elevator door be closed before the car can be started 
in either direction. They require that the car be at or 
within a predetermined distance above or below the 
landing before the door can be opened. There are also 
electrical devices, sometimes referred to as interlocks, 
which are intended to have the same effect. It is 
important that there be a means through which the car 
operator can render the locking device inoperative in 
case of emergency, and the device should be so ar- 
ranged that evidence of the operator’s or other attend- 
ant’s act in this respect will be easily noticeable. A 
desirable arrangement is a mechanical interlock on the 
shaft-door and, in addition, a car door that closes with 
this door. The car should be inoperative until both the 
car door and the enclosure door are closed and latched, 
and the opening of either door should be impossible 
until the car is brought to rest within two inches above 
or below the landing. 


Engine-Cylinder Lubricator 


What is the method of operation of a hydrostatic en- 
gine cylinder lubricator? L.N.C. 


The general arrangement of a double-connected hy- 
drostatic sight-feed lubricator is shown in the illustra- 
tion, in which the body of the lubricator is partly cut 
away so that its internal construction and operation 
may be understood. The body of the lubricator con- 
tains cylinder oil D and water E. The water is sup- 
plied from condensation of steam admitted from the 
engine steam supply pipe R through the connection AA 
and gathered in the condensing chamber C. When the 
valve B is open, the condensate in C gravitates through 
a vertical pipe to the bottom of the lubricator where 
the hydrostatic pressure of the water in C or connection 
A, aided by the steam pressure in R, exerts an upward 
pressure on the oil. The level of the water EF is shown 
by the gage glass G. 

The total upward pressure exerted by the water E, 
forces the oil out through the bent pipe F,, open at its 
upper end near the top of the oil chamber, and thence 
is discharged through the regulating valve V upward 
through water in the sight-feed glass S and delivery 
pipe LZ into the main steam pipe R. The delivery pipe 
L should be extended for some distance into the main 
steam pipe, as indicated by the dotted lines, and usually 
is provided with perforations or some form of nozzle 


for breaking up or atomizing the oil as it is delivered. 
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When the valve V is closed and valve of L is opened, the 
sight-feed glass S becomes filled with water formed by 
condensation of steam entering the connection L. 

To fill the lubricator with oil, first close valves B and 
V and then open the drain cock X and remove the 
filling plug P. When all water E is drained out, close 
the drain cock X, pour in the oil at P and replace the fill- 
ing plug. 

For proper operation of the lubricator the chamber C 
must be full of water or the oil will be broken up by 
admission of steam to the water space E. In case B 
has been left open or sufficient time has not been allowed 
for condensate to fill C, the lubricator should be com- 
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Sight-feed cylinder lubricator 


pletely emptied and permitted to cool with the valves 
B and V closed. Then, after refilling, replace plug P 
and, with S filled with water, open B and adjust V to 
the desired rate of feed indicated by drops of oil rising 
in S. The lubricator should be started and stopped 
with the engine. Just after the lubricator has been 
refilled, it is’ difficult to adjust a constant feed, espe- 
cially at a slow rate, because the feed is affected by 
the changes in viscosity of the oil due to changes in 
temperature. 


Advantages of Four-Valve Engines 


Why should better economy be expected of a four- 
valve engine than a single-valve engine? R.N.C. 

Four-valve engines can be designed and constructed 
with shorter steam passages and less percentage of 
cylinder clearance than necessary for single-valve en- 
gines, sharper cutoff is obtainable, and the valves can 
be adjusted and controlled independently of each other 
so as to obtain better steam distribution, especially for 
variable loads. There are also the additional advan- 
tages that the admission steam is not cooled from so 
much area of the admission valves coming in contact 
with the exhaust, and there is less trouble from water 
in the cylinder as the exhaust valves may be so located 
that the condensed steam drains through them. 


[Correspondents sending us inquiries, should sign 
their communications with full names and post office 
addresses. This is necessary to guarantee the good 
faith of the communications and for the inquiries to 
receive attention.—Editor. ] 
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Here and There in the Power Plant 
Sidelights on ——— generally used 


but less gener. 


“Lifting” an Elephant 


T A RECENT fair the crowd looked 
on with open mouths while the 
professional strong man “lifted” an 
elephant. He was not very large as 
elephants go, weighing possibly two 
tons. But that, in the opinion of the 
crowd, was quite enough for any man 
to handle. 

This stunt of lifting an elephant 
may seem far removed from the field 
of power production. In reality, how- 
ever, it is an excellent example of an 
almost universal occurrence in the 
mechanical world. The push of the 
connecting rod on the crank of a steam 
engine is not the same as that of the 
steam on the piston. Each arm of a 
double-chain sling carries a tension 
greater than half the actual weight 
supported. 

The engineer who understands the 
elephant-lifting trick can solve such 
problems with ease. Moreover, he has 


Fig. 1—How much is he lifting? 


a stunt that may find direct applica- 
tion in the power plant in certain types 
of erecting jobs. 

The sketch (Fig. 1) gives the gen- 
eral scheme of the trick. The man 
stands on a four-legged table or plat- 
form. Beneath is a small elephant 
standing on a square platform, the four 
corners of which are suspended iby 


nearly vertical chains from the corre- 
sponding corners of the upper platform. 
Evidently, the elephant could not fall 
even if the man went away. The 
centers of the two chains on one side 
are connected by a horizontal chain. 
Attached to the center of this, in turn, 
is a short length of chain running ver- 
tically to one end of a “whiffletree.” 
The other end of the whiffletree is con- 
nected to the chains on the other side 
in exactly the same manner. 

The “lifting” is done through a 
vertical chain which passes from the 
center of the whiffletree up through a 
hole in the overhead platform to a 
broad strap around the man’s shoul- 
ders. Incidentally his actual lifting 
power is increased by railings placed 
at such a height that the load can be 
divided between the arms and legs. 

When the man lifts, the small cross 
chains are pulled up in the middle. 
This in turn pulls the centers of the 
vertical chains out of line, thus raising 
the lower platform slightly. The whole 
contraption is mechanically equivalent 
to a pair of toggle joints in series. 

Turning to Fig. 2, it is of interest 
to trace out the forces in such an 
arrangement. Reasonable proportions 
have been assumed. Mechanically, the 
question is: For the proportions and 
angles shown what force at the middle 
of the whiffletree is necessary to sus- 
tain 4,000 lb. on the platform? 

Fig. 2 shows the network on one 
side only of the frame, the 2,000 lb. 
weight representing the load carried 
by this side. There is then a straight 
downward pull a (due to gravity) of 
1,000 lb. on each of the lower eyebolts. 

The first step is to resolve the forces 
acting at this point. The known force 
of 1,000 lb. is laid off to scale verti- 
cally downward from the eye. The 
force in the chain necessarily acts 
along its length. For balance there 
must be one other force acting hori- 
zontally to the left. So the directions 
of all three forces and the size of one 
of them are known. The size of the 
other two forces 6 and c¢ is found by 
drawing the force triangle, all sides 
of which are parallel to the known 
directions of the forces, with the 
arrows pointing the same way. More- 
over, the arrows must all run around 
the triangle in the same sense. 

By scaling, c is found to be 1,040 lb. 
No attention need be paid to b. Evi- 
dently, the force acting downward 
along the chain from the next junc- 
tion will also be ¢ and the directions 
of the other two forces will be known. 
So the triangle is drawn as before 
and e (380 lb.) is transferred to the 
next junction with the direction re- 
versed. From the symmetry of the 
figure the same force e is acting in the 
right branch. 

Completing this triangle gives a 
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vertical pull f of 230 lb. With an- 
other 230 lb. on the other end of the 
whiffletree, the total weight actually 
supported by the man is only 460 lb. 
instead of 4,000 lb. Evidently, the 
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Fig. 2—Problem solved by drawing 
force triangles for each 
intersection 


force required will grow steadily larger 
as the lift is increased. 

Thus any man, however weak, could 
lift the elephant a certain distance, 
while no man could lift it very far. 

If the problem were analyzed in terms 
of work alone, it would be found that 
the work accomplished was no greater 
than that done by the man. Work 
equals force times distance. Where 
the force varies, work equals the aver- 
age force times the distance. Neglect- 
ing friction, which would be small in 
this case, the average force exerted by 
the man multiplied by the distance he 
raises the whiffletree must be equal to 
the weight of the elephant multiplied 
by the rise of the suspended platform. 

It would then be possible to figure 
the average force exerted by the man 
if the relative distances moved could 
be found by measurement. For exam- 
ple, if the man must raise the whiffle- 
tree ten inches to lift the elephant one 
inch, the average force he exerts over 
this range is 4,000 + 10 = 400 lb. 

These two methods of figuring 
mechanisms—the resolving of forces 
and the use of the law that the work 
taken out equals that put in (minus 
losses) —have countless engineering ap- 
plications. Facility in handling these 
methods is of practical value to the 
operating engineer. 
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‘Pulverized-Coal Installa- 


tions in France 


Two notable French pulverized-coal 
installations are described in the lead- 
ing article of the May 17 issue of Le 
Génie Civil. One of these is in the 
central station of Vitry, in the depart- 
ment of the Seine, and the other in the 
Gennevilliers station, whose original 
installation was described in the Aug. 
1, 1922, issue of Power. As will be 
seen from the following brief descrip- 
tion, much of the equipment is of 
American design. 

Fig. 1 shows a cross-section of one 
of the Ladd-Belleville boilers for the 
Vitry station. Some of the principal 


dimensions are shown on the drawing, ° 


and additional data are given in the 


ate 
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entering the economizer and is given a 
sufficient velocity in the economizer to 
produce turbulent flow. It is claimed 
that this entrains the air bubbles 
that would otherwise adhere to the 
walls and accentuate the corrosion. The 
feed water is heated to about 195 deg. 
F. by the exhaust of steam-driven 
auxiliaries and by steam bled from the 
turbines. 

The economizer is composed of 20 
elements, separately demountable (10 
on each side) connected in parallel be- 
tween their headers. The _ interior 
diameter of the tubes is 1.2 in. and the 
exterior diameter 1.5 in. Each ele- 
ment consists of two series of tubes, so 
that the feed water traverses 40 sec- 
tions. 

Fig. 2 shows the general layout of 
the pulverized-coal system at Genne- 
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up by the feeder screw and then by a 
current of primary air (about 10 per 
cent of the total), delivered by fans at 
a pressure of 16 in. of water. Second- 
ary air is drawn in through the open- 
ings in the furnace by the induced 
draft. The installations are being 
made by the Société anonyme des 
Foyers automatique. 


Fatigue of Metals Research 


One of the most important projects 
of engineering research now under way 
in this country is the investigation of 
the fatigue of metals conducted by the 
Engineering Experiment Station of the 
University of Illinois (Urbana) in co- 
operation with the Nationa! Research 
Council, the Engineering Foundation, 
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Fig. 1—Cross-section of boiler at Vitry 


table. Steam is withdrawn from the 
rear upper drum, which is slightly 
higher than the others to insure a 
lower water level and less entrain- 
ment of water in the steam. The 
baffling arrangement shown, with seven 
passes including superheater and econ- 
omizer, insures a high gas velocity and 
hence a good rate of heat transfer. 

The Elesco superheater used has a 
heating surface of 5,160 sq.ft. Diamond 
soot blowers are employed. The lower 
part of the wall at the bottom of the 
boiler is composed of removable panels 
which permit the removal of any refuse 
that may collect there. 

The Lopulco system of pulverized- 
coal burning is used, comprising the 
burners and the two water screens, the 
lower one of which cools the ash dust 
before it falls into the pit, the other 
protecting the refractories of the back 
wall. A Dieterlein steel-tube econ- 
omizer is used, as modified by the 
Ateliers de Saint Denis. To avoid cor- 
rosion, the water is degassed before 


villiers, which is substantially the same 
as that at Vitry. The coal-preparation 
apparatus is placed in the boiler room. 


DATA ON BOILERS AT VITRY 


Boiler heating surface, sq.ft....... 19,720 
Superheating surface, sq.ft. ....... 5,160 
Economizer surface, sq.ft. .........14,000 
Steam pressure, lb. per sq.in....... 256 
Steam temperature, deg. F......... 750 
Length Of Grume, Tb. 28 
Diameter lower drum, in. ......... 55 
Diameter upper drums, in. ........ - 47 
Diameter of tubes closest to fire, in., 

2.9 
Diameter of tubes closest to fire, in., 


Coal falls from the storage bins 
through driers to Raymond pulverizers. 
From these the pulverized coal is lifted 
to a cyclone separator under the roof, 
whence it is delivered to the pulverized- 
coal bunkers of the different boilers. 
Arrangements are made for feeding 
the burners of one boiler from a neigh- 
boring pulverizer if necessary. 

Coal is admitted to the burners 
through six feeders. It is first picked 


Fig. 2—Powdered-fuel installation in Gennevilliers station 


the General Electric Co., the Allis- 
Chalmers Manufacturing Co., the 
Copper and Brass Research Associa- 
tion, and the Western Electric Co. The 
investigation was organized in 1919. 
The first report of the work appeared 
in Bulletin 124 of the Engineering 
Experiment Station of the University 
of Illinois. Bulletin 136 contains a sec- 
ond report. Abstracts of these bul- 
letins appeared in Power’ soon after 
their publication. 

Bulletin 142, written by Profs. H. F. 
Moore and T. M. Jasper, and recently 
issued by the Experiment Station, 
gives the latest findings of this in- 
vestigation. 

The most important discovery of the 
earlier work was that a given specimen 
of any metal had what might be called 
a fatigue limit for a given kind of 
repeated stress. Take the case of a 
short round rod subjected alternately 
to tension and compression of equal 


1Issues of Dec. 13, 1921, and July 17, 1923. 


= 
| 
| 
— 
Economizer, 
Je 
| 
ie 
2S 
‘k 
1S 
D- 
1e 


112 


amount by a machine constructed to 
alternate these stresses thousands and 
even millions of times automatically. 
In each case there appears to be a cer- 
tain stress that can be repeated in- 
definitely without the specimen failing. 
A slight increase in the stress causes 
the specimen to fail after a few thou- 
sand reversals. In determining this 
fatigue limit, specimens have been 
carried through a complete cycle of 
tension and compression as many as 
one hundred million times. 

There are many varieties of repeated 
stress. The type just mentioned is 
found in the piston rod of the steam 
engine. A long rotating shaft loaded 
in the middle with a heavy wheel un- 
dergoes a reversing bending test as 
the shaft is rotated. There are many 
other combinations. In this investiga- 
tion machines have been constructed to 
reproduce all the more common types 
of repeated stress as many times as 
desired. 

The latest bulletin gives additional 
cvidence of the reality of the endurance 
limit, at least for wrought ferrous 
metals. Specimens that had previously 
withstood millions of cycles of stress 
without failure were retested and found 
not only not to have been damaged by 
the previous stressing, but actually to 
have been strengthened. This strength- 
ening effect was most marked for those 
steels that are susceptible of improve- 
ment in static strength by cold working: 

The conclusion may be drawn that 
repeated stress at or below the original 
endurance limit of a wrought ferrous 
metal raises the endurance limit for 
that metal. A few cycles of repeated 
stress above the original endurance 
limit of a wrought ferrous metal lower 
the endurance limit for that metal. A 
wrought ferrous metal injured by such 
over-stress may have its strength 
partly, but rarely wholly, restored by 
polishing its surface, or by repeated 
stress below the endurance limit. The 
specimens tested seem to show up bet- 
ter under reversed bending stresses 
than under alternating compression and 
tension, the average endurance limit 
of wrought ferrous metals being only 
about 64 per cent as much for the ten- 
sion and compression test as for the 
bending test. 

The direction of the stress in relation 
to the grain of the metal was found to 
have an effect upon the endurance limit 
as well as upon the static ultimate 
tensile strength. 

The bulletin calls attention to the 
fact that the old theory of “crystalliza- 
tion” as an explanation of fatigue of 
metals has been entirely abandoned. 
Metals are always crystalline. The 
present general belief seems to be that 
fatigue failures start at some minute 
region of highly localized stress and 
that its beginning is a tearing apart 
of minute pieces of metal. Fatigue 
failure proceeds by the spreading of 
these fissures. 

Repeated stresses, according to this 
bulletin, produce in a_ metal both 
strengthening and destructive effects. 
The strengthening effects include the 
improvement of bearings between ad- 
jacent crystalline grains or other small 
particles of metal. The destructive 
effects consist in the actual tearing 
apart of particles in the metal, with 
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the consequent formation of 
cracks, which have a tendency to 
spread. There is presented the further 
conception that for wrought ferrous 
metals the strengthening effects over- 
balance the destructive effects below a 
fairly well defined fatigue limit, but 
that above this limiting stress the de- 
structive effects predominate, and fail- 
ure occurs if the stress be repeated a 
sufficient number of times. Space is 
lacking to call attention to many other 
valuable conclusions contained in this 
88-page bulletin. 


Water Power in the Canada 
Pulp and Paper Industry* 


As it takes practically one hundred 
horsepower to make one ton of paper 
per day, the indispensability of an 
abundant supply of low-priced power is 
apparent. In any industry the relative 
necessity of obtaining cheap and ade- 
quate power may be gaged by the 
amount required per dollar value of 
product, and, with the possible excep- 
tion of certain electrochemical and 
metallurgical processes, the require- 
ments for the manufacture of pulp and 
paper rank among the highest. It is 
therefore little surprising that over 90 
per cent of the motive power in this 
industry is derived from the energy of 
waterfalls. 

While the average consumption of 
power for the conversion of pulp wood 
into paper is 2,400 hp. per ton per day, 
one large Canadian mill uses 1,750 hp. 
for each ton of mechanical pulp pro- 
duced, 1,600 hp.-hr. of which is for the 
actual grinding alone. The production 
of sulphite pulp for mixing with the 
ground wood pulp requires 209 hp. per 
ton of daily output (in other large mills 
as high as 720 hp. was used per ton 
of sulphite pulp produced), while the 
conversion of the pulp to newsprint 
required 288 hp. for the same unit of 
output. 

The continuous operation of mills in 
this industry, usually 24 hours a day, 
lends itself to the securing of a very 
low cost per unit of power used, as 
the main cost item is the interest on 
the capital expended in the hydraulic 
development, and this remains con- 
stant whether the plant operates ten 
hours a day or twenty-four. The de- 
velopment of the electric steam gen- 
erator has become an added factor in 
reducing this unit cost, in that any 
surplus or off-peak power that may be 
available, can be utilized for producing 
steam for pulp cooking, drying, heat- 
ing and.similar uses. 

At the present time the hydraulic 


*Extract from bulletin issued by the 
Department of the Interior, Canada, Domin- 
ion Water Power Branch. 
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power utilized in the pulp and paper 
industry totals to 726,375 hp., and the 
rapidly growing change to electric 
drive is shown by the fact that 438,708 
hp., or over 60 per cent of this total, 
is converted into electricity before use. 
Of this latter total 210,755 hp. is pur- 
chased from central electric stations. 
The last completed census conducted 
by the Dominion Bureau of Statistics, 
that for the year 1922, shows a steam- 
power installation in pulp and paper 
mills of only 60,764 hp. or less than 
10 per cent of the total installation. 

Quebec has 56 mills powered by 368,- 
352 hp. of hydraulic or hydro-electric 
energy. Of this, 151,792 hp. is direct- 
connected to pulp and paper machines, 
85,440 is connected to generators and 
131,120 hp. represents power purchased 
from central stations. Of this pur- 
chased power the nine mills that gen- 
erate no hydraulic power purchase 
88,385 hp., the rest 42,735 hp. being 
additional power purchased by generat- 
ing mills. The total daily producing 
capacity of these mills is some 3,000 
ton of mechanical pulp, 1,500 ton of 
chemical pulp, 1,400 ton of newsprint 
and 740 ton of other kinds of paper. 

Ontario has 46 mills requiring a 
total of 271,174 hp.; of this amount 
174,189 hp., made up of 89,066 hp. 
direct connected and 85,123 hp. con- 
nected to generators, is installed in the 
plants of the pulp and paper organiza- 
tions, while 96,985 hp. is purchased 
from central electric stations. The 
total daily production of the mills in 
this province aggregates 2,200 ton of 
mechanical pulp, 1,800 ton of chemical 
pulp, 1,900 ton of newsprint and 735 
ton of other kinds of paper. 

British Columbia, with only five 
mills, has a total installation of 55,140 
hp., of which 26,790 hp. is direct-con- 
nected to pulp and paper machines and 
28,350 hp. is converted to electricity 
before use. None of these mills finds 
it necessary to supplement its own 
installation by purchased power. The 
two large mills at Ocean Falls and 
Powell River have installations of 26,- 
850 hp. and 24,000 hp. respectively. 
The combined daily production of the 
mills in this province reaches some 
390 ton of mechanical, 430 ton of 
chemical pulp, 445 ton of newsprint 
and 30 ton of other paper. 

New Brunswick has only four mills 
operated by water power, with a total 
installation of 13,728 hp. and a daily 
producing capacity of 30 ton of me- 
chanical, 300 ton of chemical pulp and 
50 ton newsprint paper. 

Nova Scotia has ten mills operated 
by water power. These mills are all 
of moderate size and have a total in- 
stallation of 17,331 hp. Their daily 
producing capacity is some 200 ton of 
mechanical pulp and 50 ton of news- 
print. 


HYDRAULIC POWER IN CANADIAN PULP AND PAPER MILLS 
Turbine Installation in 


the Industry Purchased 
Hydro- Hydro- Total Total 
No. Direct Electric Electric ydro- m. 
of Drive, Drive, Total, Power, Electric, Sources, 
Province Mills Hp. Hp. Hp. Hp. Hp. Hp. 

British 5 26,790 28,350 28,350 55,140 
46 89,066 85,123 174,189 96,985 182,108 271,174 
ew Brunswick. ..........0.0+- 4 2,66 1,0 13,728 6 11,7 14,378 
10 17,251 17,331 
121). 287,567. 210,053 497,620 228,755 438,808 726,375 
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Recent Publications 


The Supervision and Maintenance of 
Steam Raising Plant. By C. A. 
Suckan. Published by The Van Nos- 
trand Co., New York City. Cloth; 
74x98 in. 342 pages. 250 illustra- 
tions. Price, $8. 


Although referring principally to 


_ British and European practice, a large 


portion of the information contained in 
the volume is so general in its charac- 
ter that it can be applied in practically 
any power plant. The book has been 
written with a view to assisting power- 
plant owners, managers and engineers 
in the more efficient operation of their 
plants under existing conditions. An 
endeavor has been made to present the 
information in the simplest possible 
form, and the discussion of the theo- 
retical side has been reduced to a 
minimum. 

The volume has been divided into 
two parts. The first part deals with 
supervision of the plant, while the 
second treats on the repairing and gen- 
eral overhauling of the component 
parts. The volume has been written 
from a practical operating and main- 
tenance point of view and covers the 
subject very thoroughly as will be ap- 
parent from the list of chapters that 
follows: Part I—Organization; Combus- 
tion of Fuel, Method of Firing, Regula- 
tion of Draft, Superheaters, Econo- 
mizers, Pumps, Injectors and Meter, 
Handling of Fuel, Handling of Ashes, 
Feed-Water Plant, Pipe System; Rou- 
tine of Boiler-House Staff, Office Staff, 
Testing. Part II—Internal Inspection, 
External Inspection; Boiler Brickwork; 
Laying Up, Auxiliary Appliances, Aux- 
iliary Plant Brickwork; Workshop Or- 
ganization, Feed-Water Plant, Pipe 


_ Lines and Structural Repairs. 


Developments in Power Station De- 
sign. By Edwin Austin. Published 
by Van Nostrand Co., 8 Warren St., 
New York City, 1924. Cloth, 74x11 
inches; 271 pages; 239 illustrations. 
Price, $9. 

The author’s position on the editorial 
staff of The Engineer (London), one 
of the world’s outstanding engineering 
publications, gives promise of practi- 
cal value to the contents. This promise 
1s fulfilled. The book is the outcome of 
a series of articles published in The 
Engineer during 1921 and 1922, repre- 
senting the latest information obtain- 
able in the field at that time. While 
power-plant practice is changing with 
extreme rapidity, the time elapsing be- 
tween the publication of these articles 
in the magazine and their appearance 
in book form is so small that this book 
may be said to represent the latest 
British practice. The treatment 
throughout is descriptive rather than 
mathematical. After a preliminary 
chapter on electrical supply, in which 
Great Britain’s superpower problem is 
outlined, there is a discussion of pul- 
verized-coal equipment. This is based 
largely on American practice, although 
British practice predominates through- 
out the rest of the book. For example. 


the following chapter on oil fuel deals 
almost entirely with British equipment. 
The subjects of low-temperature car- 
bonization, waste-heat boilers and air 
heaters are covered in brief chapters. 
The short chapter on boilers is of in- 
terest because it describes types that 
are practically unknown in American 
stationary practice. Mechanical stokers 
and coal and ash handling are very 
briefly handled. A description of a com- 
mercial installation using a “thermo” 
compressor adds interest to the chapter 
on evaporators. Fuller treatment is 
given to turbo-generators and con- 
densers, particularly the latter. The 
chapter on turbo-generators is devoted 
largely to the modifications of design 
made necessary by high steam tem- 
peratures. That on condensing plants 
deals with a subject to which British 
engineers, perhaps largely due to their 
naval interests, have given a great 
deal of attention. Their design in this 
field has taken an individual trend, so 
that British condensing apparatus is 
immediately distinguishable from Amer- 
ican by its general appearance. Per- 
haps both are equally good, but 
American designers could doubtless 
gain valuable information by studying 
the British designs, and vice versa. A 
chapter on high-pressure steam plants 
deals mainly with the design details 
of a plant operating on 350 Ib. at 700 
deg. Chapters on instruments, switch 
gear and other electrical equipment 
complete this very interesting book. 


Practical Mathematical Analysis. By H. 
Von Sanden, Professor of Mathe- 
matics at the University of Clausthal. 
Translated by H. Levy, Professor of 
Mathematics, Imperial College of 
Science and Technology, London. 
Published by E. P. Dutton and Co., 
New York City. Cloth, 6x9 in.; 195 
pages. Price, $4.50. 


This volume is correctly described by 
its title. It is practical in the sense 
that the writer has constantly and 
clearly in mind the goal of the engi- 
neer—the answer. The other half of 
the title shows the limitations, the 
reader’s limitations rather than those 
of the book. The reader must have a 
substantial mathematical background, 
as*much as might reasonably be ex- 
pected of a technical graduate. Granted 
such a background, certain types of 
readers will find this book wonderfully 
helpful. The technical specialist, who 
must analyze experimental data, con- 
struct empirical equations, compute en- 
gineering tables, etc., will here learn 
how to plan and conduct his computa- 
tions to get results of suitable accuracy 
in the minimum of time. The author, 
while able and willing to use all the 
traditional methods of the mathemati- 
cian, does not stop there, but explains 
and encourages the use of such engi- 
neering tools as the slide rule, the cal- 
culating machine and the planimeter. 
Other subjects covered are numerical 
and graphical integration, various 
methede (mechanical and otherwise) of 
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solving equations, measurements of 
area, interpolation of arbitrary func- 
tions, etc. The book should be in the 
library of every research worker. 


Mechanical Engineers’ Handbook. 
Lionel §S. Marks, Editor-in-Chief. 
Published by McGraw-Hill Book Co., 

-Inc., 8370 Seventh Avenue, New York 
City; 6-8 Bouverie St., E. C. 4, Lon- 
don. Cloth; 4x7 in.; 1,986 pages. 
Price, $6. 


To those familiar with the “Mechan- 
ical Engineers’ Handbook” Lionel S. 
Marks, Editor-in-Chief, the mere an- 
nouncement of the appearance of the 
second edition, representing engineer- 
ing practice and theory as it stands in 
the beginning of 1924, will tell the 
story perhaps better than a voluminous 
description of the contents. 

The first edition reached a total of 
65,000 copies, and such typographical 
errors as it may have contained are, 
it is believed, practically eliminated in 
the second. The book has been increased 
by 150 pages, with revision of the 
original text. This includes condensa: 
tion and elimination of considerable 
portions, which have been more than 
balanced by the new material added. 

Drying and lubrication are among 
the new topics added, while hydraulics, 
heat, iron and steel, non-ferrous metals 
and alloys, bearings, steam boilers, in- 
ternal-combustion engines, aéronautics, 
and air compressors have undergone a 
great amount of change. The power 
test codes and similar material in most 
cases are as of Jan. 1, 1924. In some 
instances the text has been submitted 
to other specialists for criticism and 
suggestions. All but one of the pre- 
vious contributors have been retained, 
while eight new ones appear. 

The operating engineer unfamiliar 
with the advantages of this handbook 
will be interested to know that such in- 
formation as how to line up and level a 
lineshaft, determining if a stack is 
vertical, water rates for steam tur- 
bines, descriptions of bleeder turbines, 
types of steam-engine valve gears, 
safe loads on wire ropes, lubrication 
for various types of machines, storage 
and safety of coal, and many other 
useful facts are available. 

In addition to much important prac- 
tical information the book itself is 
essentially an engineering work. Up- 
to-date theory is plainly put forth, and 
many reference tables are of great con- 
venience. As a compendium for engi- 
neering knowledge, which the power- 
plant engineer must have from time to 
time, this volume is commended. 

To those who desire an education in 
engineering, it must be remarked that 
this handbook may, with some applica- 
tion, be made the equivalent of a col- 
lege course. It is perhaps not realized 
that such elementary subjects as arith- 
metic, how to handle the slide rule, 
geometry, trigonometry, and others 
more complicated, are put forward in 
a remarkably brief and easily under- 
stood manner. With a minimum amount 
of personal application and perhaps at 
times a little outside help, the man in- 
terested in self-education will find this 
book unusually well suited for con- 
veniently grasping the entire mechan- | 
ical engineering field, as well as such . 
subjects as building construction, sur- 
veving and concreting. 
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Wabash River Plant Went 
into ‘Service July 4 


The first two units of the Wabash 
River power station of the Indiana 
Electric Corp., a division of the Cen- 
tral Indiana Power Co., went into serv- 
ice on July 4 and on July 8 began de- 
livering industrial power to Indian- 
apolis and 127 other central Indiana 
cities and towns. These units provide 
55,000 hp. and will soon be followed by 
another unit of the same size and later 
by others until the full station capacity 
of 135,000 hp. is reached. 

This great electric power station is 
installed directly in the coal fields. The 
plant eventuaily will cost $12,000,000. 


Exposition of Inventions 
Will Be Held 


The American Institute of the City 
of New York will hold an exposition 
of inventions in the Engineering Soci- 
eties Building, New York City, Dec. 
8-13. There will be exhibits from the 
leading American industries showing 
the developments of various machines, 
utilities and processing methods. In 
all fields the ingenuity of the inventor 
and the part he has played in the 
progress of America will be empha- 
sized. 

Arrangements for the display of 
working models or actual devices can 
be made through a Committee of the 
American Institute at 47 West 34th St., 
New York City. 


Canadian Stationary 
Engineers Meet 


The Canadian Association of Station- 
ary Engineers held its annual conven- 
tion at St. Thomas, Ont., from June 
23 to 26. The convention was the most 
progressive, harmonious and successful 
ever held by this organization. The 
ritual was done away with, leaving 
more time for the discussion of educa- 
tion and employment service. The 
association was placed on a Dominion 
wide basis, similar to the N.A.S.E. by 
establishing Provincial branches of the 
Grand Lodge, C.A.S.E., with almost 
complete autonomy to the provincial 
branch of the Grand Lodge. 

The Western Association of Mechani- 
cal Electric (operating) Engineers, 
Edmonton, Alberta, decided to affiliate 
with the Association and the Grand 
Lodge has approved. They now be- 
come the Province of Alberta Branch 
of G. L., C.A.S E., with headquarters at 
Edmonton, Alberta. Similar or kindred 
associations in other provinces have 
also applied for affiliation and action 
will be taken upon these applications 
at the next convention. 
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gl im News i in the Field of Power, 


Famous Engineer Dies at 


Age of 60 


Benjamin G. Lamme, chief engineer 
of the Westinghouse Electric & Mfg. 
Co., and a pioneer in the electric field, 
died at East Liberty, Pa., on July 8, 
after a lingering illness. 

Mr. Lamme, who had more than 150 
inventions in his name, was born on a 
farm near Springfield, Ohio, on Jan. 
12, 1864. He was graduated from Ohio 
State University in mechanical engi- 
neering in 1888. There he excelled in 
mathematics, being a master of high- 
range multiplication tables and differen- 
tial calculus and discovering many 
“short cuts” in mental calculation. He 


Benjamin G. Lamme 


became interested in electricity and en- 
tered the Westinghouse employ at $30 
a month in 1889 and became chief engi- 
neer in 1903. 

His spectacular designing 
achievements were: The generating 
equipment for the World’s Fair in Chi- 
cago in 1893; the 5,000 hp. generators 
which first harnessed Niagara Falls; 
the single-phase alternating-current 
generating and motor equipment for 
the first big railway electrification on 
the New York, New Haven & Hartford; 
the design of the most successful syn- 
chronous converter ever used; and the 
single reduction-gear street-car motor 
which, designed in 1890, is the type 
still used on street railway systems. 

He received the highest honors from 
the American Institute of Electrical 
Engineers, being awarded the Edison 
Medal in 1919; elected as one of the 
two members of that body on the Navy 
Consulting Board during the war, and 
made chairman of the Invention Com- 


mittee of that board. He also received 
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recognition from other educational in- 
stitutions and scientific organizations. 

Mr. Lamme made many contributions 
to the electrical science which have 
found world-wide recognition, and his 
research and development work have. 
made its impress upon the application | 
of electricity to industry in every coun- 
try in the world. A paper, “Induction — 
Motor,” published about 23 years ago, 
is used in many schools and included 
in the, textbooks of the Naval Academy. 

Edison and Steinmetz were his close - 
friends as well as professional rivals. 
The Ohio State University last year 
cited him as “the greatest living mathe- 
matician,” an honor previously be- 
stowed only twice, upon Edison and 
Steinmetz. 

Mr. Lamme, who never married, lived 
with two sisters, one of whom was for 
many years chief designer of direct- 
current motors for the Westinghouse 
interests and occupied a desk beside 
that of her brother in the drafting 
office. He is survived by a brother, 
William F. Lamme, of San Rafael, 
Calif., and four sisters. 


Large Generator Ordered by 
Edison Company 


The Southern California Edison Co. 
has recently placed with the Westing- 
house Electric & Manufacturing Co., 
an order for a 28,000-kva., horizontal 
waterwheel generator which will be in- 
stalled in the company’s Big Creek 
No.1 plant. -The machine is so designed 
that at a speed of 300 r.p.m. it delivers 
current at 11,000 volts 50 cycles, and 
at a speed of 360 r.p.m., current is de 
livered at 12,000 volts 60 cycles. The 
generator is complete with a direct- 
connected exciter. 


Consumers Are Thought To Be 
Using Stored Coal 


While the impression prevails among 
governmental agencies in Washington 
that decrease in consumption of coal 
has not been proportionate to the re- 
duced production of the bituminous 
mines in recent weeks, the accuracy of 
this opinion cannot be established until 
there is a more thorough examination 
of statistics of consumption and until 
other data in relation thereto are se- 
cured. 

In its report, dated July 5, the Survey 
comments that while there is ample 
evidence that consumption has declined 
during the first half of the year, it ap- 
pears obvious that production declined 
at a more rapid rate and that therefore 
there has been an “appreciable” draft 
on the 62,000,000 tons of soft coal 
which was heid by consumers on Jan. 
1, the date of the latest census of 
stocks. 


% 
$y; 
Seg 
; 
7 ry nf 
* we 
Gist 
‘ 


July 15, 1924 


POWER 


Great Lakes Electric Power Survey Published 


Gives Capacity of Present Stations and Estimates Energy 
Requirements for 1950 


HE National Electric Light Asso- 
ciation, realizing its opportunity 
for service in the evident interest dis- 
played by the public in the rapid growth 
of electric systems and the increasing 


The Wabash River, below Attica, Ind., 
is underlaid with coal deposits for a 
considerable part of the distance to its 
mouth. It is very likely that a number 
of large-sized generating stations cduld 
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Area “A” in 1923—Installed capacity of generating stations 


demand for power, has started a study 
of existing conditions and by estimates 
of increases in population and needs of 
sections of the country, has outlined a 
plan for development, which it will pub- 
lish as an “Electric Power Survey.” 
The first report is on Area A of the 
Great Lakes Division which takes in 
parts of four states. 

One of the most interesting chapters 
of this report deals with estimated con- 
ditions in 1950. It states: 

“The instatied primary horsepower 
in the four states of the Great Lakes 
Division, has increased from 350,000 
hp. in 1869 to nearly 5,000,000 hp. in 
1919, or an increase from 55 to 307 
horsepower per 1,000 of population in 
50 years. This compares with the 
figures for the whole United States 
showing an increase from about 60 
horsepower per 1,000 people in 1869 to 
280 horsepower per 1,000 people in 
1919, an indication of over 500 horse- 
power per 1,000 people in 1950. The 
installed horsepower in Area A in all 
industries was 2,862,000 hp. in 1920 or 
340 hp. per 1,000 of population.” 

The region designated as Area A is 
lacking in extensive water-power possi- 
bilities. The Great Lakes, however, 
furnish sufficient water for condensing 
purposes which, added to the fact that 
this area is underlaid with coal deposits 
and two producing oil fields in the 
territory covered by the survey, would 
indicate that steam plants will be the 
basis for future power development. 


be located on this river a few miles 
apart and generate power at low cost 
to transmit to other parts of the terri- 
tory. 
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Puget Sound Power Merger 
Links Plants 


A. W. Leonard, of the Puget Sound 
Power & Light Co., has announced the 
completion of the merger of all sub- 
sidiary companies. The concerns losing 
separate identity are the Washington 
Coast Utilities Co., the North Coast 
Power, and the Olympia Light & Power 
Co. The consolidation, a Stone & Web- 
ster corporation, now owns and oper- 
ates practically all the major utilities 
in western Washington from the Can- 
adian boundary to the Columbia River 
and reaches into the Wenatchee Valley 
in eastern Washington. 


Controversy Between Hydro 
and Fish Settled 


Construction work on the hydro-elec- 
tric plant of the Puget Sound Power & 
Light Co. at Concrete, on Baker River 
in Skagit County, Wash., may begin at 
any time, following the withdrawal of 
the protest filed by the United States 
Bureau of Fisheries. The company has 
proposed two methods whereby the 
development will r.ot interfere with the 
fish. It will construct a pond below the 
dam, and the Bureau is to catch and 
place a quantity of adult salmon taken 
while en route to Baker Lake and de- 
termine whether they can be held to 
maturity below the dam. Should this 
method fail, the company will install 
and operate a lift that will put the live 
fish into a pond above the dam and 
will permit an overflow over or through 
the dam during the month of June each 
year to permit the young salmon to 
migrate down stream, 

The proposal of the company has 
met the approval of the Bureau and 
removes the only obstacle to the site. 
The plant will have a capacity of 45,000 
hp. and will cost about $500,000. 


Wf 


Water power's 10,000 kw.and above 
High voltage transmission trunk lines 


Pelative ty of steam 


LZ 


| 
i 


Area “A” in 1950. An arrangement of generating centers and trunk lines 
to meet estimated energy requirements 


| 
| 
| 
| | & ; j 
Y MILWAUKEE 
rt 
|_| 
— 
| 
al 
1. 


116 


Civil Engineers Differ on 
Boulder Dam 


A lively discussion took place at the 
recent San Francisco convention of the 
American Society of Civil Engineers 
over a paper by Col. William Kelly, 
chief engineer of the Federal Power 
Commission, on “The Colorado River 
Problem.” A. P. Davis, J. C. Allison, 
F. H. Fowler, Louis C. Hill, E. C. 
LaRue, Major H. S. Bennion and Wil- 
liam Mulholland presented views from 
different angles on power and irriga- 
tions needs in the Colorado River basin, 
some opposing and some defending the 
Boulder Cafion dam. 

The Mojave reservoir was advocated 
as a means of solving several of the 
more troublesome problems and was 
also vigorously decried as the revival of 
a scheme undesirable and _ ill-advised 
which was long ago abandoned as im- 
practicable. Speakers mentioned the 
great importance of an agreement with 
Mexico before any extensive storage 
work was undertaken, 


Production of Electricity 
Decreases 


The average daily production of elec- 
tricity by public-utility power plants 
in May was 154,700,000 kw.-hr., about 
2 per cent less than the daily out- 
put for the month of April. The 
curve of average daily total output for 
1924, shown below, indicates that the 


Power curve descends 


power plants for the first five months 
of this year has been affected by about 
the normal seasonal decline in the de- 
mand for electricity which occurs every 


months. 


put by the use of water power shows 
the usual gradual increase in output 
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streams, which generally reaches the 
maximum in May or June. 

The average daily production of elec- 
tricity by public-utility power plants 
and the proportion produced by water 
power for each month of this year were 
as follows: January, 167,400 kw.-hr., 
32.3 per cent; February, 166,700,000 
kw.-hr., 32.3 per cent; March, 160,800,- 
000 kw.-hr., 34.4 per cent; April, 158,- 
000,000 kw.-hr., 39.0 per cent; May, 
154,700,000 kw.-hr., 40.6 per cent, 


The Patent Office Needs 
Assistant Examiners 


The Civil Service Commission has 
announced an examination to be held 
on Aug. 20 and 21 for positions of 
assistant examiner in the United States 
Patent Office at Washington. 

The entrance salary is $1,860 a year. 
Promotions are provided for from time 
to time which bring salaries up as high 
as $5,000 a year. One hundred adui- 
tional places are provided by the recent 
appropriation act. There is therefore 
exceptional opportunity for appoint- 
ment of those who pass the examina- 
tion. 

The examination consists of physics, 
interpretation of mechanical drawings, 
technics, mathematics, modern lan- 
guages, and some branch of engineer- 
ing. 


S.P.E.E. Holds Important 


Meeting 


The Society for the Promotion of 
Engineering Education held its 32d 
annual meeting at the University of 
Colorado, Boulder, Colo., June 25-28. 
The attendance was 362, exceeding all 
former records. The 150 members pres- 
ent represented 70 colleges, 38 states, 
Canada and Hawaii. The large registra- 
tion was in part due to the attractive- 
ness of Colorado for summer vacation 
programs. 

The entertainment features of the 
meeting included a mountain canyon 
drive, inspection of an 1,800-ft. head 
hydro power plant and a steam power 
plant which will ultimately cost $12,- 
000,000. 

The dominating characteristic of the 
sessions was the comparative absence 
of lengthy expressions of personal 
opinion and the substitution therefor 
of the presentation of educational re- 
search data and ideas. Dean G. B. 
Pegram of Columbia University ex- 
plained the present situation of the six- 
year engineering courses at his insti- 
tution, which is, that, although the 
work is satisfactory, very few students 
are graduating from the courses. 

On Thursday Professor W. H. Bur- 
gess, of Northwestern University, read 
a paper by himself, and director J. F. 
Hayford, “Fifteen Years of Experience 
with a Five-Year Engineering Curricu- 
lum.” Northwestern likes the arrange- 
ment, and the attendance, though small, 
has averaged 9 per cent annual in- 
crease. But only 13 per cent of the 
students who enter complete the fourth 
year and 8 per cent the fifth year, as 
compared with 35 per cent to 40 per 
cent in the average four-year engineer- 
ing courses. 


Iowa State College reported that 
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more than 25 per cent of her engineer- 
ing graduates have had college work 
preliminary to entering an engineering 
course, to such an extent that they 
have completed five to eight years’ total 
college work upon graduation, which is 
as large a percentage of those entering 
as the total graduates at Northwestern. 

Many engineering educators believe 
that five- or six-year engineering 
courses are needed for the adequate 
training of present-day engineers, but 
most of them also believe that such 
courses cannot be made successful with- 
out concerted action by all the best 
engineering colleges and by the engi- 
neering profession as a whole. Director 
Wickenden, of the Board of Investiga- 
tion and Co-ordination, strongly sup- 
ported this view the next day, and on 
Saturday he urged that preparation for 
concerted action by the engineering 
colleges on this and other matters be 
made by an effective organization of 
the institutional delegates. 

Mr. Wickenden is chairman of the 
board that is administering the $108,- 
000 fund created by the Carnegie 
Foundation for the study of engineer- 
ing education to be carried out under 
the direction of the society. The grant 
was made in late October of last year, 
Mr. Wickenden was appointed director 
in November and the Board of Investi- 
gation and Co-ordination was set up by 
the society in March of this year. The 
board contains ten members represent- 
ing all branches of the profession. 

The present attitude of engineering 
educators on the proper length of 
engineering curricula seems to be one 
of watchful waiting. The belief is 
growing that mere juggling with the 
details of the present four-year courses 
can effect only minor improvements and 
that any great advance in engineering 
education will require longer curricula. 

Very comprehensive plans for the 
great research upon which the engineer- 
ing colleges are entering were reported. 
The co-operation has been secured 
of the great industrial organizations 
(through the Joint Industrial Confer- 
ence Board) and of the great national 
engineering societies (through a joint 
council). These agencies will assist 
in making job analyses of the work of 
engineers in different occupations and 
of the numbers of engineering gradu- 
ates required to meet the needs of the 
country. It is an organization compre- 
hensive enough, to conduct a thorough 
research to ascertain the true funda- 
mental data of engineering education, 
and, by concerted action to put into 
effect whatever improvements may be 
found advisabie. 

The new officers of the society are: 
President, Dean A. A. Potter of Purdue; 
vice-presidents, Prof. . S. King, 
Georgia Institute of Technology, and 
Dean G. B. Pegram, Columbia Univer- 
sity. Members of the council for three 
years, Dean G. M. Butler, University 
of Arizona; Prof. H. Pender, Univer- 
sity of Pennsylvania; Dean E. B. Nor- 
ris, State College of Montana; Prof. 
W. E. Brooke, University of Minnesota; 
Assistant Dean H. H. Jordan, Univer- 
sity of Illinois; Prof. W. H. Kenerson, 
Brown University, and Director W. E. 
Wickenden. The secretary, Dean F. L. 
Bishop, of Pittsburgh, and the treas- 
urer, W. O. Wiley, of New York, were 
re-elected. 


a 
ny 
5 A 
; 
we 


Wwe 


«tri @ 


July 15, 1924 


Engineering Museum Wants 
Ten Million Dollars 


The National Museum of Engineer- 
ing and Industry, Inc., with head- 
quarters in the Engineering Societies 
Building, 29 West 39th St., New York 
City, which was incorporated in the 
District of Columbia last March is 
making a drive for $10,000,000, one 
million of which has been assured. A 
campaign to raise the additional 
$9,000,000 was started on July 5. 

The president of the new organiza- 
tion is Dr. Elihu Thompson, who on 
July 10 received the Kelvin gold medal 
from the Royal Society at the Kelvin 
centenary in London. The vice-presi- 
dents are: Dr. Edward G. Acheson, one 
of the creators of the modern abrasive 
industry; Dr. Leo H. Baekeland, presi- 
dent of the American Chemical So- 
ciety, and Dr. Edward Weston, creator 
of the Weston type of electrical instru- 
ments. Its trustees are Philip T. 
Dodge, chairman of the International 
Paper Co., Howard Elliott, chairman 
of the Northern Pacific R.R., Dr. Ira 
N. Hollis, president of the Worcester 
Polytechnic Institute, Dr. Elmer A. 
Sperry, president of the Sperry Gyro- 
scope Co., and Worcester R. Warner, 
of Warner & Swasey, Cleveland, Ohio. 
George E. Roberts, vice-president of 
the National City Bank, is treasurer, 
and H. F. J. Porter is secretary. 


Deschutes River Projects 
Get License 


The Federal Power Commission has 
authorized the issuance of a license to 
the Columbia Valley Power Co. cover- 
ing two proposed developments in the 
Deschutes River in central Oregon. 
Various conditions, however, are at- 
tached to the license. A preliminary 
permit covering the two sites was 
issued to this company on Feb. 6, 1923. 

The license covers the construction at 
the Pelton site of a masonry dam 165 
ft. high at which 51,000 hp. will be de- 
veloped. The company furnished satis- 
factory plans for the proposed struc- 
ture. At the Metolius site, the other 
one involved, which is eight miles above 
Pelton, it is proposed to construct a 
dam 330 ft. high. The detailed plans 
for this development have not been 
worked out, but the applicant proposes 
to prepare them during the construction 
of the Pelton development. 

The Columbia Valley company sets 
forth in its application that a portion 
of the power it will develop probably 
will be sold to the two public-utility 
companies operating in Portland. It is 
stated that within five years these utii- 
ities will have to have 40,000 hp. addi- 
tional. Power can be developed, it is 
stated, on the Deschutes River cheaper 
than at sites controlled by the utility 
companies on the Clackamas River in 
Oregon and on the Lewis River in 
Washington. The company also ad- 
vises the Federal Power Commission 
that other markets for power have been 
investigated, and the opinion is ex- 
pressed that the full output of the Pel- 
ton plant can be utilized on its comple- 
tion and that the construction work will 
have to go ahead immediately on the 
Metolius plant, 
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Turbine Research Engineer 
Dies Suddenly 


Wilfred Campbell, one of the well 
known turbine engineers of the country 
and recently famed for his brilliant 
investigation of the axial vibration of 
steam-turbine disk wheels, died at 
Schenectady, N. Y., on July 7, as a 
result of complications following an 
operation for appendicitis. Born in 
Manchester, England, in 1884, Mr. 
Campbell came to America in 1907 and 
associated himself with the G. E. Com- 
pany, where he worked during the re- 
cent war, with Dr. Irving Langmuir and 
C. E. Eveleth, on research and design 
work on submarine detectors. 

Since 1919 Mr. Campbell has been 
an engineer in the turbine department, 
and last December received an award 


Wilfred Campbell 


from the Charles A. Coffin Foundation 
in recognition of his contribution to 
turbine research and design. The re- 
sults of this long and fruitful research 
were presented before the Society of 
Mechanical Engineers on May 26 in a 
paper, “Protection of Steam Turbine 
Disk Wheels from Axial Vibration,” 
which will remain a monument to his 
patient and painstaking ability. 

In commenting on Mr. Campbell’s 
death, Francis C. Pratt, who was in 
charge of the engineering department, 
said: 

“Mr. Camptell’s sudden death is a 
great shock to his many friends and 
associates in the company. When he 
undertook this important work, in 1919, 
investigation of turbine wheel vibra- 
tions, it was thought by some engineers 
that the limit in the size of individual 
turbine units had been reached. Mr. 
Campbell had a rare genius for analyz- 
ing and solving abstruse problems of 
a mechanical nature and did not share 
these adverse opinions regarding the 
limitations in the size of steam turbines. 
He discovered the cause of the troubles 
with large turbine wheels and buckets, 
devised remarkably ingenious methods 
of detecting and measuring the phe- 


117 


nomena connected with them, and pro- 
vided means for overcoming them. He 
has made a fine and lasting contribu- 
tion to the industry, and his work will 
long be remembered by engineers who 
design and operate steam turbines.” 

Mr. Campbell is survived by his 
widow and four children. 


Pinchot Names Giant Power 
Board 


The appointment of the members of 
the Giant Power Advisory Board, of 
which Maj. Gen. William Crozier, for- 
mer chief of the Ordnance Department 
of the Army, is chairman, was an- 
nounced at Governor Pinchot’s office at 
Harrisburg, Pa., on July 10. The Board 
will be asked to pass on the final re- 
port of the Giant Power survey before 
it is submitted to the Pennsylvania 
Legislature. 

The appointees included: Dr. Charles 
W. Eliot, President Emeritus of Har- 
vard University; William Allen White, 
of Emporia, Kan.; Fred A. Gaby, of 
the Hydro-Electric Power Commission 
of Ontario, Canada; John R. Freeman, 
of Providence, R. I.; Henry L. Stinson, 
of New York City; Arthur J. Mason, of 
Chicago; Raymond B. Stevens, of Lan- 
daff, N. H.; William Kent, of Kentfield, 
Cal.; Professor Henry S. Graves, of the 
Forestry School of Yale University; 
Martha Brinsley Bruere, of New York 
City; Harry A. Garfield, of Williams 
College; William B. Mayo, of Dearborn, 
Mich.; James R. Garfield, of Cleveland; 
William Mulholland, of Los Angeles; 
Joseph N. Teal, of Portland, Ore., and 
Mrs. Maud Wood Park, of Washington, 
D. C. 


[ Personal Mention ] 


Horace P. Liversidge, who has been 
assistant chief engineer of the Phila- 
delphia Electric Co., recently 
elected vice-president of the company. 

Jackson & Moreland, consulting en- 
gineers, have moved from 387 Wash- 
ington St. to the Park Square Building, 
31 St. James Ave., Boston, Mass. 


H. G. Butler, who has been engaged 
since 1921 in private practice as con- 
sulting engineer, has been made power 
supervisor under the California State 
Railroad Commission. 

E. M. Ashworth who has been serv- 
ing the Toronto Hydro-Electric System 
as acting general manager for some 
time, during the absence of H. H. 
Couzens, has recently been appointed 
general manager. 

R. M. Fullerton has been appointed 
superintendent of shops for the B. F. 
Sturtevant Co., Hyde Park, Mass. Mr. 
Fullerton was formerly electrical engi- 
neer of the company, with headquarters 
at the Hyde Park factory. 


Walter H. Johnson, who has just re- 
tired as president of the N.E.L.A., has 
been elected president of the Phila- 
delphia Electric Co. Mr. Johnson was 
formerly chief assistant to Joseph B. 
McCall, former president, who resigned 
to become chairman of the Board of 
Directors. 


William A. Durgin, who for two and 


a half years has been at the head of the 
Division of Simplified Practice of the 
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Department of Commerce, has left his 
government activity to resume his 
former post with the Commonwealth 
Edison Co. of Chicago, from which he 
was borrowed by Secretary Hoover 
when the latter established the Divi- 
sion of Simplified Practice. 


| Business Notes ] 


The Brown Instrument Co., Phila- 
delphia, Pa., manufacturer of indicat- 
ing and recording instruments, an- 
nounces the appointment of R. D. Dean 
as chief engineer. 


The Industrial Works, Bay City, 
Mich., announce the appointment of 
Ridenour, Seaver & Kendig, 773 Elli- 


cott Square, Buffalo, N. Y., as their: 


representatives in the Buffalo district, 
with L. N. Ridenour as resident man- 
ager. 


M. H. Detrick Co., Chicago, IIl., has 
consolidated the general offices and the 
engineering service department of the 
company with the Chicago sales office, 
and the entire organization now has 
commodious quarters at 140 South 
Dearborn St. 


The Maine Electric Co., Portland, 
Maine, manufacturer and distributor of 
steam and electric hoists and derricks, 
coal-handling plants and marine aux- 
iliary machinery, has opened a Phila- 
delphia office at 814 Walnut St., with 
F. V. Wetherill in charge. 


The Chain Belt Co., Milwaukee, Wis., 
at its recent annual meeting elected the 
following officers: J. C. Merwin, former 
works manager, was elected second 
vice-president; Brinton Welser was 
made secretary and C. E. Stone, assist- 
ant secretary. In addition, the follow- 
ing officers were re-elected: C. R. Mes- 
singer, president; Clifford F. Messinger, 
first vice-president and C. L. _ Pfeifer, 
treasurer. 


The J. G. White Engineering Corp., 
of New York City, has been commis- 
sioned by the Staten Island Edison 
Corp. to design and build an addition 
to the Livingston power plant, includ- 
ing installation of a 15,000-kw. unit 
with necessary auxiliaries; also to de- 
sign and construct substations at Liv- 
ingston, Eltingville, Atiantic, Arrochar, 
Clifton Junction, Dongan Hills and St. 
George, with transmission line from 
Livingston to Clifton Junction and 
thence to Eltingville and Arrochar. 


The Ridgway Dynamo & Engine Co., 
7016 Euclid Ave., Cleveland, Ohio, an- 
nounces that Peter G. Rimmer, for 
many years in charage, of the Wilkes 
Barre office of the Ridgway company 
hes resigned the position which he has 
held for the last two years with the 
Scranton Electric Construction Co. and 
will again be in charge of the Ridg- 
way office at Wilkes Barre. E. W 
Quiggle, who has been in charge of this 
office during Mr. Rimmer’s absence, 
will return to the factory at Ridg- 
way, Pa. 

The Indiana Pump.Company, Indian- 
apolis, Ind., manufacturer of air-lift 
equipment, and the Chicago Pneumatic 
Tool Co., New York City, builders of 
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Coming Conventions 


American Ceramic Society. Ross 
C. Purdy, Lord Hall, Ohio State 
University, Columbia, Ohio. Sum- 


mer meeting and tour. July 21 
to Aug. 1 
American Chemical Society. 


L. Parsons, = G 
N. » Washington Q. Sixty- 
meeting at Sornelt Univer- 
sity, Ithaca, N. Y. Sept. 8-13. 


American Electric Railway Associa- 
tion. James W. Welsh, 8 West 
40th St., New York City. Meeting 
at Atlantic City, Oct. 6-10. 


American Electrochemical Society. 
Dr. Colvin G. Fink, Columbia Uni- 
versity, New York City. General 
meeting at Detroit, Mich., Oct. 2-4. 


American Institute of Chemical Engi- 
neers. Dr. John C. Olsen, Poly- 
technic Institute of Brooklyn, New 
York. Summer meeting in Den- 
ver, July 15-18. 


American Institute of Electrical En- 
gineers. F. L. Hutchinson, 29 
West 39th St., New York City. 
Fall convention at Pasadena, Calif., 
Oct. 13-17 


American Institute of Mining and 
Metallurgical Engineers. 
Sharpless, 29 West 39th St., New 
York City. Autumn meeting at 
Birmingham, Ala., Oct. 13-15 


American Society of Civil Engineers. 
John H. Dunlap, 29 West 39th St., 
New York City. Fall meeting at 
Detroit Oct. 23-25. 


American Society of Mechanical En- 
gineers. Calvin W. Rice, 29 West 
39th St., New York City. Annual 
ope at New York City, Dec. 


American Society of Refrigerating 
Engineers. W. H. Ross, 35 War- 
ren St., New York City. Annual 
0 ee at New York City, Dec. 


Association of Iron & Steel Electri- 
cal Engineers, John F. Kelly, 1007 
Empire Bldg., Pittsburgh, Pa. An- 
nual meeting and exposition at 
Duquesne Garden, Pittsburgh, Pa., 
Sept. 15-20. 


Illuminating Engineering Society. 
Norman D. MacDonald, 29 West 
39th St., New York City. Conven- 
tion at Briarcliff Lodge, Briarcliff 
Manor, N. Y., Oct. 27-31. 


International Union of Steam and 
Operating Engineers. Dave Evans, 
6334 Yale Ave., Chicago, Ill. Bi- 
ennial convention at Detroit, Mich., 
Sept. 8-13 


Management Congress, First Inter- 
national. Prague, Czechoslovak, 
July 21-24. 

National Association of Practical Re- 
frigerating Engineers. E. H. Fox, 
5707 West Lake St., Chicago, Ill. 
Convention at New Orleans, La., 
Nov. 11-14. Exhibits at the Isaac 
Delgado High School. 


National Association of Stationary | 


Engineers, Fred W. Raven, 417 
South Dearborn St., Chicago, Il. 
Annual convention and exhibition 
at Hotel Pantlind, Grand Rapids, 
Mich., Sept. 8-13. Annual conven- 
tions and exhibitions of the state 
associations are scheduled as fol- 
lows: New England States Asso- 
ciation at Cambridge, Mass., July 
formerly announced July 
10-12. Freeman L. Tyler, 32 
Briggs St., Taunton, Mass. Wis- 
consin Association at Fond du Lac, 
July 24-26. Vincent Todd, 
Fourteenth St., Fond du "Lae. 
Minnesota Association at Fari- 
bault, Minn., July 31, Aug. 1-2. C. 
A. Nelson, 800 22nd Ave., N. E. 
Minneapolis. Michigan Association 
at Grand Rapids, Sept. 8. Wm. H. 
Yeomans, 209 Plainfield Ave., 
Grand Rapids. Pennsylvania State 
Association at Grand Rapids, 
Mich., Sept. 8. . N. Calvert, 
Union & Ridenour Ave., Crafton, 
Pittsburgh, Pa. 


New England Water-Works Asso- 
ciation, Frank T. Gifford, 715 Tre- 
mont Temple, Boston, Mass. An- 
nual ——— at Powers Hotel, 
Buffalo, N. Y., Sept. 23-26. 
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air compressors, announce the estab- 
lishment of an agreement whereby each 
organization will use jointly and ex- 
clusively the products of each other on 
all their air-lift installations. Techni- 
cal consultation relative to the com- 
bined unit is available at any one of the 
many branches of either company. 


The De Laval Steam Turbine Co., 
Trenton, N. J., announces the formation 
of a Pacific Coast sales organization 
under the direction of William Pullen, 
with offices in Los Angeles, San Fran- 
cisco and Seattle. The Los Angeles 
office is in the Union Oil Bldg., 617 
West Seventh St., and is in charge of 
Ivan E. Goodner. The San Francisco 
office is in the Rialto Bldg., Mission 
and New Montgomery Sts., with Mr. 
Pullen in charge, assisted by Eck 
Baughn and Charles P. Markley. The 
Seattle office is in the L. C. Smith Bldg., 
and James Q. Osborne is in charge, 
assisted by F. A. Hurlburt. 


[ Trade Catalogs 


Boilers — Heine Boiler Co., Saint 
Louis, Mo. Leaflet, “In the Footsteps 
of Old Masters,” tells of the early boil- 
ers installed by this company. 


Tanks, Surge—Larner Engineering 
Co., Philadelphia, Pa., has published an 
attractively illustrated bulletin describ- 
ing the Johnson “Differential” Surge 
Tank. 


Refrigerating Machinery—Milwaukee 
Steam Appliance Co., West Allis, Wis., 
Leaflet describing refrigerating ma- 
chinery from 4 to 10 ton capacities 
manufactured by this company. 


Pumps—Chicago Pneumatic Tool Co., 
6 East 44th St., New York City. Bul- 
letin No. 711 “Crescent ‘Roto-Piston’ 
Dry Vacuum Pumps,” is a well-illus- 
trated description of this equipment. 


Indicating Instruments—The Foxboro 
Co., Inc., Foxboro, Mass. Bulletin No. 
96-1 describes briefly yet completely the 
many different types of indicating rec- 
ording and controlling instruments 
made under the Foxboro trade-mark. 


Loaders—The Link Belt Co., Phila- 
delphia, Pa. Book No. 650 is a well- 
illustrated catalog covering the differ- 
ent loaders manufactured by this com- 
pany. Specifications and explanatory 
drawings are included. 


Valves—J. H. H. Voss, Inc, 154 
Nassau St., New York City. Voss 
Valve News describes ammonia com- 
pressor valve design II. Illustrations 
and drawings of valves manufactured 
by this company are included. 


Instruments, A.-C. Portable—Roller- 
Smith Co., 233 Broadway, New York 
City, Bulletin No. 160, just off the 
press, describes in detail the new Type 
GSA alternating-current portable in- 
struments manufactured by this com- 
pany. 

Cranes—Link Belt Co., Philadelphia, 
Pa. Book No. 670 describes the loco- 
motive and crawler cranes built by the 
company which are adapted for the 
handling of coal, materials and com- 
modities as well as for use in excava- 
tions. 
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Turbo-Generator Sets—The Ridgway 
Dynamo & Engine Co., Ridgway, Pa., 
Bulletin No. 31 is a 26-page booklet 
describing with illustrations the turbo- 
generator sets manufactured by this 
company. 

Refractories—Keystone Refractories 
Co., 120 Liberty St., New York City. 
Booklet describing the application and 
properties of “Key-Cel-Brix” the cal- 
cined insulating brick manufactured by 
them. 


Superheaters—The Superheaters Co., 
of New York and Chicago, manufac- 
turer of Elesco superheaters, has just 
published a booklet, “Origin, Develop- 
ment and Results of Elesco.” It gives 
in brief form the history of the Super- 
heater Co. and the growth of its oper- 
ations up to the present time. The 
development of the use of high-degree 
superheated steam is traced from the 
earliest experiments of the late Dr. 
Wilhel Schmidt, of Cassel, Germany, 
to the present tendencies in steam 
generation in this country. 


Packing—The Garlock Packing Co., 
Palmyra, N. Y. Catalog “Quality Con- 
trolled Packings have the Same Service 
Stamina Today and Tomorrow as They 
Had Yesterday,” contains pictures illus- 
trating the fact stated in the title. 

Valves—The Merco Nordstrom Valve 
Co.,-a subsidiary of the Merrill Co., of 
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San Francisco, has just issued a new 
loose-leaf catalog combining a series of 
bulletins, to which others may be added, 
describing with illustrations the Merco 
Nordstrom Plug Valve. 

Pumping Systems, Air Lift—The Sul- 
livan Machinery Co., 122 South Michi- 
gan Ave., Chicago, Ill. Bulletin No. 
71-H explains with illustrations the 
important advantages of air-lift pump- 
ing when properly applied and shows 
how the equipment of this company se- 
cures a high degree of effectiveness in 
this field. 


q Fuel Prices | } 


BITUMINOUS COAL 


The following table shows the trend 
of the spot sleam market in various 
coals (mine run bases, f.o.b. mines): 


Market June 30, July 7, 

Coal Quoting 1924 1924 

New York.. $2.70 $2.90! 
Smokeless...... Columbus.... 2.20 2.39 
Clearfield. ...... Boston..... 1.95 2.20 
Somerset....... Boston..... atS 2.50 
Kanawha....... Columbus... 
Hocking. ....... Columbus... 1.70 1.85 
Pittsburgh No. 8 Cleveland... 1.85 1.95 
Franklin, Ill..... hicago.... 2.35 2.50 
Central, Ill...... Chicago... . 2.10 2.29 
Ind. 4th Vein... Chicago.... 2.35 2.50 
West Ky........ Louisville... 1.60 1.75 
S. E. Ky........ Louisville... 1.55 
Big Seam....... Birmingham 2.10 2.10 
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FUEL OIL 


New York—July 10, light oil, tank- 
car lots, 28@34 deg. Baumé, 54c. per 
gal., 36@40 deg. 6c. per gal., f.o.b. 
Bayonne, N. J. 


St. Louis—July 1, tank-car lots, 
f.o.b. St. Louis; 24@26 deg., $1.55 per 
bbl.; 26@28 deg., $1.60 per bbl.; 28@ 
30 deg., $1.65 per bbl.; 30@32 deg., 
$1.70; 32@36 deg., gas oil, 4.7c. per 
gal.; 38@40 deg. 5.5c. per gal. 


Pittsburgh—July 9, f.o.b. local re- 
finery, 30@40 deg., fuel oil, 54c. per 
gal.; 36@40 deg., fuel oil, 5c. per gal.; 
34 deg., neutral, 84c. per gal. 


Dallas—July 5, f.o.b. local refinery, 
26@30 deg., $1.30@$1.35 per bbl. 


Philadelphia — July 3, 28@80 deg., 
$2.10@$2.163 per bbl.; 18@22 deg., 
$2.10@$2.163; 13@16 deg., $1.783@ 
$1.848 per bbl. 


Boston—July 5, tank-car lots, f.o.b. 
heavy oil, 12@14 deg. Baumé, 4c. per 
gal., light oil, 28@32 deg. Baumé, 6$c. 
per gal. 


Cincinnati— July 1, tank-car lots, 
f.o.b. local refinery, 24@26 deg., Baumé, 
per gal.; 26@30 deg., 54c. per gal.; 
30@32 deg., 58c. per gal. 


New Plant Construction 


Ala., Andalusia — The Andalusia Mfg. 
Co. plans for a boiler house at its mill, for 
which plans are being perfected. E. R. 
Merrill, head. 


Ala., Birmingham—The Alabama Water 
Co., American Trust Bldg., is planning for 
a bond issue of 300,000, a portion to be 
used for extensions and improvements in 
plants and systems at Anniston, Bessemer, 
Greensboro, and other points, including 
electric pumping machinery and accessory 
equipment. 


Ala., Selma — The City Council con- 
templates electric pumping equipment in 
connection with extensions and improve- 
ments in the municipal waterworks, for 
which it is expected to issue bonds for 
$150,000. 


Calif., El Monte—The Pasadena Ice Co., 
Pasadena, Calif., is considering a new ice- 
manufacturing plant on Hoyt St., to cost 
$45,000, with equipment. The local Cham- 
ber of Commerce is interested in the 
project. 


Calif, Guadalupe—The Golden State Milk 
Products Co. contemplates an ice and re- 
frigerating plant at its proposed creamery. 
The entire works will cost $65,000. 


Calif., Reedley — The Board of Gity 
Trustees plans for centrifugal pumping 
equipment for its proposed sewerage sys- 
tem, to cost $130,000. Bonds will soon be 
voted. 


Calif., Ukiah — The Board of City 
Trustees has authorized the purchase of 
pumping equipment at the municipal water- 
works. 

Calif., Upland—The West Ontario Citrus 
Association will break ground at once for 
a new packing house, to include an ice 
and precooling plant. The project to cost 
about $85,000. 


Colo., Denver — The Midwest Refining 
Co. plans for a number of pumping plants 
and booster stations for its proposed pipe 
line from its oilfields in Northern New 
Mexico, about 22 miles. 


D. C., Bellevue—The navy supply officer, 
Navy Yard, has been authorized to pur- 
chase one American rotary vacuum pump, 
as per specifications on file. 


Fla., Anna Maria—The Town Council is 
planning for a municipal electric plant. An 
ice-manufacturing plant will also be_in- 
stalled. W. B. Kirby, Bradentown, Fla., 
engineer. 


Fla., Homestead—The City Council has 
arranged a special election on July 22 to 
approve bonds for $235,000 for extensions 
and betterments in the municipal water 
plant and sewerage system, to include elec- 
tric pumping equipment. Charles W. Mur- 
ray, Miami, Fla., engineer. 


Fla., Largo — The Common Council is 
planning for electric pumping equipment 
in connection with extensions in the 
municipal waterworks. 


Ga., Atlanta—The American Box & File 
Co. contemplates a boiler plant at its mill, 
for which plans are being drawn by E. C. 
Seiz, 433 Peachtree St., architect. The 
works will cost $65,000. 


Ga., Atlanta—The United Cleaners, Inc., 
P. O. Box 1652, is planning for the pur- 
chase of a 150 kva. engine-generator set. 


Ga., Pelham — The Common Council 
contemplates centrifugal pumping equip- 
ment in connection with extensions and 
improvements in the municipal waterworks. 
Bonds will be voted early in August. 


Idaho, Troy — The Troy Lumber Oo., 
Eighth and G Sts., plans for the rebuild- 
ing of the portion of its mill and boiler 
plant recently burned. An official estimate 
of loss has not been announced. 


Ind., Hammond—tThe Northern Indiana 
Gas & Electric Co. has arranged for a 
note issue of $4,500,000, a portion to be 
used for extensions and improvements in 
power plants and system. 


Ind., Hartford City — The Fort Wayne 
Corrugated Paper Co., Fort Wayne, Ind., 
plans for a boiler house at its proposed 
plant, to cost $250,000. 


Iowa, Schleswig—Bids will be received 
by the Town Council until July 21, for 
pumping machinery and accessory equip- 
ment for waterworks improvements, as per 
specifications on file. Lafayette Higgins 
& Son, Securities Bldg., Des Moines, Iowa, 
engineers, Otto A. Hollander, town clerk. 


Kan., Pittsburg—The State Board of Ad- 
ministration, Topeka, has plans nearing 
completion for an addition to the power 
house at the state teachers’ college. Ches- 
ter M. Rutledge, State House, Topeka, 
architect. 


Ky., Ashland—The City Council is con- 
sidering a bond issue of $300,000, for ex- 
tensions and improvements in the munici- 
pal waterworks. It is proposed to install 
electric pumping equipment. 


La., Shreveport — George J. Schmitz, 
2805 Tracy Ave., and associates, are plan- 
ning for a cold storage plant. Details 
will be perfected soon. 


Md., Baltimore—The Board of Estimate, 
City Hall, has approved plans for enlarge- 
ments in the high pressure pumping station 
of the fire department to include the pro- 
ees municipal steam power station for 

eating service estimated to cost $160,000. 

Oil burning equipment will be installed. 
Plans for an individual steam power sta- 
tion at a cost of $270,000, previously au- 
thorized, have been abandoned. 


Md., Baltimore — The Mount St. Agnes 
College, Mount Washington Station, has 
awarded a_ general contract to Frainie 
Brothers & Haigley, 19 West Franklin St., 
for power house and mechanical laundry, 
to cost $75,000. <A list of equipment will 
soon be arranged. Frank J. Baldwin, 328 
North Charles St., architect. 


Md., Manchester—The Glen Rock Elec- 
tric Light & Power Co. has secured a fran- 
chise and plans for the installation of 
equipment at the municipal lighting station, 
which will be taken over. 


Md., Waldorf—The Southern Maryland 
Fertilizer Works, Inc., recently organized 
with a capital of $550,000, is planning for 
a boiler plant at its works. Albert J. 
Boyle, Garden Apartments, Baltimore, is 
one of the heads of the company. 


Md., Westminster—The Zile-Neuman Co., 
207 East Main St., has tentative plans for 
a new ice-manufacturing plant on East 
Main St. An architect will be selected 
soon. Edward W. Neuman, president. 


Mass., Chelsea—Plans are being com- 
pleted for a power house addition at the 
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plant of the Forbes Lithograph Mfg. Co., 
to be used as an engine room. Monks & 
Johnson, 99 Chauncy St., Boston, archi- 
tects and engineers. 


Mass., Springfield—The Department of 
Streets and Engineering has awarded a 
general contract to B. W. Mellon, 293 
Bridge St., for a boiler plant, at the 
Taylor St. yard, for municipal service. Mc- 
Clintock & Qraig, 33 Lyman St., architects. 


Mich, Detroit—The Detroit Free Press 
plans for a boiler plant and pumping sta- 
tion in its new printing plant and office 
building on West Lafayette St., near Cass 
St., estimated to cost $2,715,000. Albert 
Kahn, Marquette Bldg., architect. 


Mich,, Jackson—-The Consumers’ Power 
Co. is perfecting plans for its proposed hy- 
dro-electric plant on the Manistee River, 
near the county line, with initial output of 
21,300 hp. 

Mich., Saginaw—The Dittmar & Raths 
Oil Co., Flint, Mich., Otto E. Dittmar, 
president, plans for a pumping plant at 
its proposed oil storage and distribuling 
plant on Durant St. J. Fred Brock- 
biseinger, 114 South Jefferson Ave., Sagi- 
naw, architect. 


Mo., Caruthersville—The Arkansas-Mis- 
souri Power Co. is planning for a bond 
issue of $664,000, a portion to be used for 
the purchase of existing power plants and 
ice-manufacturing plants, and for proposed 
expansion, including equipment. 


Md., Ridgeley — The Common Council 
contemplates centrifugal pumping equip- 
ment for the proposed extensions and im- 
provements in ‘the municipal waterworks 
and sewerage plant. It is expected to vote 
bonds in August. 


Mo., St. Louis—L. Boehm, 615 Chamber 
of Commerce Bldg., is in the market for 
a 1000 kw. turbo-generator, 3-phase, 6\- 
cycle, 2300-volt, with accessory equipment. 


Mont., Missoula—The Utah-Idaho Sugar 
Co., Salt Lake City, Utah, plans for a 
steam power plant at its proposed locai 
beet sugar mill; the entire works will cost 
$300,000. 


Neb., Fairbury—The City Council wili 
soon erect an addition to the municipal 
power plant, to include boilers and auxili- 
ary equipment. Henry W. Fouts, city 
clerk. 

Neb., Otoe — The Common Council is 
planning for a municipal waterworks, to 
include electric pumping equipment. 


N. Y., Binghamton—Bids are being asked 
on a general contract by the Board of Oon- 
tract and Supply, City Hall, for a power 
house and hospital addition at the city hos- 
pital, to cost $650,000. Walter Whitlock, 
Security Bldg., architect; A. R. Acheson, 
Eckel Theater Widg., Syracuse, N. 
steam and electric engineer. A list of 
equipment will soon be arranged. 


N. Y., Brooklyn—Steam power equip- 
ment, ovens, etc., will be installed in the 
addition to the baking plant of the Drake 
Brothers Co., Clinton and Park Aves., to 
cost $87,000. Dodge & Morrison, 160 Pearl 
St., New York, architects. 


N. Y., Elmhurst—The American Ice Co., 
city Center Bldg., Philadelphia, Pa., has 
acquired the Elmhurst Ice Co., with three 
existing ice-manufacturing plants at Elm- 
hurst, Astoria and Glendale, L. IL, and is 
planning for extensions and improvements, 
including additional equipment. 


N. Y., Long Island City—The Sun Oil 
Co., Finance Bldg., Philadelphia, Pa., con- 
templates pumping equipment at its pro- 
posed storage and distributing plant at 
East Ave. and First St., to cost $200,000. 
J. H. Pew, president. 


N. Y., New York—In connection with 
the proposed purchase of the Riordan Co., 
Montreal, Que., by the _ International 
Paper Co., 100 East Forty-second St., the 
last noted company is reported to be plan- 
ning for the development of hydro-electric 
plant sites of the Riordan organization for 
a total output of 160,000 hp., to be used 
for mill service. 


N. Y¥., New York—The Brambach Piano 
Co., 639 West Forty-ninth St., contemplates 
a boiler plant at its factory on site pur- 
chased on Fifty-first St., near Eleventh 
Ave., to cost $700,000, with equipment. 
Russell G. Cory, 30 Church St., architect 
and engineer. 


N. Y., New York—The Navy Purchasing 
Office, South and Whitehall Sts., has been 
authorized to purchase eight 2-ton enain 
hoists, as specified in N . A. requisition 
1052. 

N. Y., Potsdam—The St. Lawrence Val- 
ley Power Corp. has taken over and 
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merged the Hannawa Falls Water Power 
Co., re-incorporating under state laws with 
capital of $5,750,000. Plans are said to 
be under way for hydro-electric power de- 
velopment at the power site of the ac- 
quired company. 


N. Y., Rome—The Rome Gas, Electric 
Light & Power Qo., a subsidiary of the 
Northern New York Utilities, Inc., Water- 
town, N. ., has disposed of a bond is- 
sue of $600,000, a portion to be used for 
extensions and betterments in power plants 
and system. 


N. Y., S. I., Tompkinsville—The Staten 
Island Edison Corp. has disposed of a bond 
issue of $1,600,000, a portion to be used 
for extensions and improvements in power 
plant, including a 15,000 kw. generating 
unit and auxiliary equipment. Jd. H. 
Pardee, president. 


N. Y., Utiea—The Utica Gas & Electric 
Co. has issued bonds for $3,300,000, a por- 
tion to be used for extensions in power 
plant and system. Contract has been let 
to the Westinghouse Electric & Mfg. Co., 
for two 15,000 kw. turbo-generators and 
accessory equipment, and other equipment. 
Orders will soon be placed. 


N. C., Charlotte—The Carolina Stand- 
ard Gas Products Co., 256 Clifton A\ve., 
Atlanta, Ga., Philip W. Wilcox, president, 
plans for a boiler house at its proposed 
plant for the production of commercial 
oxygen etc. The entire works will cost 
$150,000. 


N. C., Lattimore—The Common Council 
contemplates a municipal electric plant. 
Bonds will be voted and plans drawn soon. 


N. C., Laurinburg—The Common Coun- 
cil plans for electric pumping equipment 
in connection with a proposed municipal 
a Bonds for $175,000 have been 
ssued. 


N. D., Grand Forks—The Common Coun- 
cil has plans under consideration for a 
municipal..electric plant, to cost $120,000, 
with equipment. It is proposed to install 
a Diesel engine, 700 kw. generator, and 
accessory equipment. Oharles M. Evan- 
son, city clerk. 


Ohio, Cincinnati—The Columbia Power 
Co. has taken bids for steel frame super- 
structure for its steam electric generating 
plant, and purposes to begin work soon. 
The station will cost $5,000,000, with 
equipment. 


Ohio, Youngstown — The Pennsylvania- 
Ohio Power & Light Co., an interest of 
the Pennsylvania-Edison Co., has issued 
bonds for $19,000,000, a portion to be 
used for extensions and improvements in 
plants and system. 


Okla., Tipton—Bonds have been voted for 
$51,000 for a municipal waterworks, to 
include plant. Plans will be 
drawn by V. V. Long & Co., Colcord Bldg., 
Oklahoma City, Okla., engineers. 


Okla., Tulsa—The Tulsa County Com- 
missioners, Water Improvement District 
No. 1, contemplate a pumping plant in 
connection with a proposed system, to cost 
$250,000. A bond election will soon be 
held. The Benham Engineering Co., Gimbel 
Bldg., Kansas City, Mo., engineer. 


Ore., Arlington— The Common Council 
is considering electric pumping equipment 
in connection with improvements and ex- 
tensions in the municipal waterworks. 
Stevens & Soon, Spalding Bldg., Portland, 
engineers. 


Ore., Bay City — The Oregon Silver 
Spruca Co. plans for a boiler plant at its 
mill, to replace a works recently burned. 
It is estimated to cost $80,000. 


Pa., Chester — The City Council con- 
templates electric pumping equipment for 
its sewerage disposal works. The entire 
plant will cost $2,500,000. Plans have 
been authorized by the State Health De- 
partment. 


Pa., Philadelphia — The Board of 
Trustees, Girard College, Girard and 
Corinthian Aves., has awarded a general 
contract to EB. H. Keefer & Son, 1321 Rod- 
man St., for an addition to the mechanical 
school, to cost $375,000. Steam engine 
equipment and other steam power ap- 
paratus will be installed for instruction of 
students. John T. Windrim, Common- 
wealth Bldg., architect. 


Pa., Philadelphia — Boyer & Crawford, 
Ine., has filed plans for a boiler plant at 
their factory at J and Venango Sts. 


S. C., Graycourt—The Common Council 
is perfecting plans for a municipal elec- 
tric plant. A bond issue will soon be sold. 


S. C., Greenville—The Greenville Commu- 
nity Hotel Corp. plans for a boiler plant 
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and pumping station at its Fou hotel, 
estimated to cost $1,000,000. Work wil! 
proceed at once. 


S. C., Spartanburg—The Dixie Cake Co. 
plans for a refrigerating plant at its 
proposed baking plant on Liberty street. 
Plans will soon be arranged. 


Tenn., Decatur—The Decatur Light Co., 
recently organized, is reported to be plan- 
ning for a power plant and system. T. G. 
Davis and John Scott, both of Decatur, 
head the company. 


Tenn., Knoxville—T. L. Lay & Co., 400 
East Jackson St., meat packers, have foun- 
dations in progress for an addition to be 
used in part for a cold storage plant. 


Tenn., Maryville—The Tennessee Elec- 
tric Power Co., Chattanooga, is reported 
to be planning for enlargements in the 
power plant of the Maryville Lighting Co., 
recently acquired, including additional 
equipment. 


Tenn., Sparta—The Sun Pigment Paint 
Qo., recently organized, plans for a boiler 
plant at its factory. The company is 
headed by Oliver W. Hill, 520 West Church 
St., Knoxville, Tenn. 


Tenn., Summerville—The Common Coun- 
cil is said to be planning for the rebuilding 
of the municipal electric light plant, re- 
cently burned. Estimate of loss has not 
been announced. 


Tex., Bastrop—The Powell Oil Mill Co. 
is planning for a boiler plant in connec- 
tion with the proposed rebuilding of the 
portion of its mill, recently burned with 
loss approximating $80,000. 


Tex., Beaumont—The Magnolia Gas Co. 
will install two or more pumping plants 
and booster stations in its new pipe line 
from a point in Louisiana to Beaumont, 
= 200 miles. Fred M. Lege, Jr., presi- 

ent, 


Tex., Dallas—The Dallas Packing Co., 
4903 Worth St., has plans for an ice and 
refrigerating plant at its proposed packing 
house. The entire equipment installation 
is estimated to cost $32,000. B. P. Smith, 
president, is in charge of purchases. 


Tex., San Juan—The Arkansas Pass 
Compress Co. plans for a boiler plant for 
its proposed compressing works, including 
two or three 125 hp. boilers and accessory 
equipment. The plant will cost $80,000. 
J. K. Cain president. 


Tex., Timpson—The City Council con- 
templates centrifugal pumping equipment 
for its proposed extensions in the munici- 
pal waterworks. A bond issue will soon 
be arranged. 


Tex., Waco—The Morris Packing Co., 
2426 Morrow Ave., plans for a refrigerat- 
ing and cold storage plant at its proposed 
factory at Mary and Second Sts. J. 
Lofton, local manager. 


Va., Lynchburg—The Lynchburg Stone 
Co., Peakland St., plans for electric motors, 
controls and other electric power equip- 
ment at its properties. . H. Lloyd, 
secretary. 


Va., Norfolk—The Virginia Portland Ce- 
ment Corp., National Bank of Commerce 
Bldg., plans for a steam plant at its pro- 
posed cement mill. The entire plant will 
cost $1,000,000, with equipment. The com- 
pany is a subsidiary of the International 
QGorp., 342 Madison Ave., New 

ork. 


Va., Portsmouth—The City Commission, 
J. P. Jersey, city manager, has plans 
under consideration for a steam electric 
plant to be used with two electric pumping 
stations. 


Wash., Aberdeen—The Grays Harbor 
Light & Power Co. has made application 
for permission to construct and operate 
a hydro-electric power plant on the Queeis 
River, Jefferson County, to cost $1,000,- 
000, including power dam, steel tower 
transmission line, etc. 


Wash., Port Angeles — The Common 
Council is considering centrifugal pumping 
equipment for proposed extensions and im- 
provements in the municipal waterworks. 
It is proposed to issue bonds for $625,000. 


W. Va., Morgantown—The Common 
Council contemplates’ electric pumping 
equipment for proposed extensions and im- 
provements in the municipal sewerage 
plant and system. Bonds for $600,000, 
have been approved. The city engineer is 
in charge. 


Wis., Eau Claire—The Common Council 
contemplates electric pumping equipment 
in connection with proposed extensions and 
improvements in the municipal waterworks. 
A bond issue of $165,000, is being ar- 
ranged. = 
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